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Abstract 
 
Under U.S.EPA Phase II stormwater regulations Buffalo State was required to develop a 
stormwater management plan.  This plan pursues both hard‐engineering and low impact 
development approaches for stormwater management.  As part of the plan, a detention pond 
came on‐line in early summer, 2010, to collect flow before it discharges to Scajaquada Creek.  
The objective of this study was to assess the detention pond impact on water quantity and quality 
prior to discharge to the creek.  A meter was installed in 2007 (pre‐construction) and 2010 
(post‐construction) to record stormwater discharge to Scajaquada Creek.  Regression analysis 
between rainfall and runoff characteristics showed that peak discharge was higher in 2010 than 
2007 for the same rainfall depth, while the relationship between peak discharge and peak rainfall 
intensity was similar for the two years.  Total discharge volume for rainfall events >0.5” was 
greater in 2010 than 2007.  Samples for total suspended solids (TSS), E. coli, total phosphorus, 
and nitrate were collected at the inflow to the pond, within the pond, and at the outflow from the 
pond throughout 6 storms, May‐September, 2010.  On average, the pond did not reduce TSS and 
E. coli levels, but is becoming more efficient in reducing TSS as vegetation becomes better 
established.  There were mixed results for phosphorus and nitrate, as levels were reduced for 
about 50% of the storms, but were higher at the outlet for other storms.  Because the pond is 
new, there is a need for continued monitoring to determine the time required for it to reach 
design performance. 
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1. Introduction 
 
Under U.S.EPA Phase II stormwater regulations, Buffalo State College State University 
of New York (Buffalo State) was required to develop a stormwater management plan because all 
of the campus stormwater is discharged into Scajaquada Creek.  This plan pursues both hard-
engineering and low impact development approaches for stormwater management (Watts 
Architecture and Engineering, P.C. 2009).  As part of the plan, a standard New York State 
Department of Environmental Conservation (NYSDEC) stormwater management practice (SMP) 
was chosen from the stormwater design manual to be implemented on the campus grounds 
(NYSDEC 2008).  The chosen SMP included a system consisting of a flow splitting weir, 
detention pond, and underground sand filtration system which came on-line in early summer, 
2010, to improve drainage and the quality of the stormwater before it discharges to Scajaquada 
Creek.  Many changes also were made to the campus drainage system with respect to connecting 
to the detention pond (Flynn Battaglia Architects et al. 2010).   
The main objective of this study was to assess the SMP’s impact on water quantity and 
quality prior to discharge to Scajaquada Creek.  To assess water quantity, a flow meter was 
installed in 2007 (pre-construction) and again at the same location in 2010 (post-construction) to 
record stormwater discharge at the outlet.  It would be expected that the total flow volume should 
increase from 2007 to 2010 due to the increase in pipes and more effective drainage.  However, 
impervious surfaces were decreased by 0.1 acres; therefore, runoff should be reduced and total 
flow volume might not increase.  It is also expected that the peak flow should decrease from 
2007 to 2010 because of the storage capacity and lagged release of stormwater from the 
detention pond to the actual discharge point.  To assess the impact of the pond and filtration 
system on water quality, samples for total suspended solids (TSS), Escherichia coli (E. coli), 
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total phosphorus, and nitrate were collected at the inflow to the pond, within the pond, and at the 
outflow from the pond throughout six storms, May-September, 2010.  A subset of samples also 
was analyzed for metals (lead and zinc) and oil and grease.  It is expected that stormwater quality 
would be poorer at the inlet point than the outlet because the system is supposed to reduce 
pollutant levels in order to reduce negative impacts on the water quality of the receiving 
waterbody.   
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2. Literature Review 
2.1 Hydrology and physical effects of urbanization on stormwater 
In a naturally vegetated area that has not been altered, such as woods or a forest, some of 
the rainfall is intercepted by vegetation before it reaches the ground.  It may later fall to the 
ground and evaporate.  When the storage capacity of the vegetation (leaves and twigs) is full, 
throughfall and/or stem flow occurs and when this happens, the water will run down the tree 
trunks and drip downward to the ground (Fetter 2001).  In heavily forested areas, the amount of 
water intercepted by vegetation is important and a factor that would need to be analyzed if 
development was proposed.  In some instances the amount of water intercepted by dense forest 
ranged from 8% to 35% of total annual precipitation (Dunne & Leopold 1978).  In a mixed 
hardwood forest in the northeastern United States, the intercepted rainfall averaged 20% in both 
summer and winter (Thimble & Weitzman 1954).  The rate of interception is greatest at the 
beginning of a storm event and declines exponentially with time.  So, if the area gets short and 
light rain events, most of the water will be intercepted, but if the area gets heavy storm events of 
long duration, a much smaller percentage will be intercepted (Fetter 2001).  If a development 
was to be constructed in either of these areas without analysis of rainfall intercepted by 
vegetation, flooding could occur. 
The amount of water that can percolate through permeable surfaces varies based on 
several factors.  The infiltration capacity varies for different types of soil.  It also varies for the 
same soil for dry versus moist antecedent conditions.  If the soil is dry at the beginning of a 
storm event, the infiltration capacity is high and if the soil is wet at the beginning of a storm 
event, the infiltration capacity is low.  There are several ways to determine a specific value for 
4 
 
infiltration capacity.  Robert Horton used an equation based on infiltration starting at a constant 
rate that decreased exponentially through time.  After some time when the soil saturation level 
reaches a certain value, the infiltration rate will level off.  An infiltration capacity curve can be 
calculated using the following equation (Horton 1933):   
fp = fc +(fo – fc)e 
–kt
 
where:  
fp is the infiltration capacity (L/T; ft/s or m/s) at time t (T;s) 
fc is the equilibrium infiltration capacity (L/T; ft/s or m/s) 
fo is the initial infiltration capacity (L/T; ft/s or m/s) 
k is a constant representing the rate of decreased infiltration capacity (1/T; 1/s) 
t is the time since the start of infiltration (T;s) 
 
When using this equation, if the supply rate (precipitation – surface storage) is lower than 
the equilibrium infiltration capacity, theoretically, the total volume of precipitation that reaches 
the ground will infiltrate.  If the supply rate is greater than the equilibrium infiltration capacity 
but less than the initial infiltration capacity, in the beginning of the storm event, all the 
precipitation will infiltrate, but when the infiltration rate drops below the supply rate, some of the 
precipitation will not infiltrate into the soil and will become runoff.  If the supply rate is greater 
than the initial infiltration capacity, some water will immediately begin to runoff (Horton 1933; 
Fetter 2001).    
Runoff can occur when the permeable soils become saturated.  Development results in 
many impervious surfaces being constructed such as pavement and rooftops, causing areas that 
were once porous top soil to become less efficient infiltrators.  Not only are the 100% 
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impermeable surfaces a problem, the soil of manicured lawns is less porous than under natural 
vegetation and this results in less space for the water to be stored in the pervious areas as well 
(Nebel & Wright 1998; Landscapes for Life 2011).  This can cause an increase in stormwater 
runoff during large storm events.  For illustrative purposes, Figure 2.1 shows five different 
landscape reactions to a 3 inch storm event.  It shows that even the landscapes without 
impervious surfaces (woods, meadow, row crop agriculture) have varying runoff rates.  It also 
shows that with increases in impervious surfaces, there will be more runoff (Figure 2.1).   
 
Figure 2.1 Stormwater runoff for different landscapes (Landscapes For Life 2011). 
With development comes other human induced activities that can add water or other 
liquid to the pavement from washing cars, changing oil and watering a lawn (Lampe et al. 1996; 
Chiew et al. 1997; Nebel & Wright 1998).  This water cannot percolate through the impermeable 
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pavement and runs from impermeable surface to impermeable surface until it eventually gets into 
a storm drain.  Pollutants that are on the impervious surfaces get picked up and transported to the 
storm drain, which can cause problems for receiving waterbodies and the aquatic organisms that 
live in them.  Some cities have combined sewer systems which are designed to carry both 
domestic wastewater and stormwater.  With a large storm event these systems are designed to 
overflow into natural streams at specific locations.  These Combined Sewer Overflows (CSO’s) 
have been identified as a significant source of pollution by the Environmental Protection Agency 
(EPA) (Lampe et al. 1996).  These CSO’s degrade the environment and can cause aesthetic 
problems that may result in property values along the water to decrease and the receiving 
waterbody to no longer be looked at as a resource but as an eyesore for the community (Nebel & 
Wright 1998).    
2.1.1  Alteration of natural flow patterns  
Development can alter the natural flow patterns of streams.  Before development occurs 
in an area, streams have a natural path.  Some areas flood and some areas remain dry.  Most of 
these pre-urbanization streams would flow year round and have a moderate volume of water.  
Post-urbanization, these streams are little more than open storm drains.  During high rainfall, 
there are high surges, typically higher than pre-urbanized flows.  This high flow rate brings 
energy that can erode stream banks causing an increase in stream turbidity (Muth et al. 2011).  
These surges only last a short period of time then the flow decreases drastically, typically to a 
rate lower than pre-urbanized flow (Figure 2.2).  Sometimes these streams are only flowing 
during high rainfalls.  These intermittent wet and dry streambeds may not support the diverse 
biota they once did (Nebel & Wright 1998).   
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In urban streams through time, the higher storm flow rates and consequent increased 
erosion can lead to a deeper and more incised stream.  A series of changes may occur as a result.   
The water table typically becomes lower because of the deeper, narrower streambed (Figure 2.2).  
This results in a floodplain that rarely floods, a riparian zone where tree roots cannot reach the 
water table, and riparian trees that die of drought stress.  When trees in the riparian zone die, the 
stream, which was previously shaded by tree branches and leaves, receives more direct sunlight.  
This direct sunlight causes increased temperatures and greater diurnal variation in temperature 
(Muth et al. 2011). 
 
Figure 2.2 Effects of development on flow (Muth et al. 2011) 
2.1.2  Flooding 
Streams are maintained by runoff from rainfall and snowmelt moving above ground or by 
subsurface flow.  Floods occur when large volumes of runoff flow quickly into the streams and 
rivers.  The peak discharge of a flood can be influenced by many variables such as the intensity 
and duration of storms, vegetation, the topography and geology of stream basins, and the 
antecedent hydrologic conditions (Konrad 2005).   
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In undeveloped areas such as forests, rainfall and snowmelt collect and are stored on 
vegetation, in the soil column, or in surface depressions.  When the storage capacity is reached, 
runoff flows slowly through the soil as subsurface flow.  In developed areas, much of the land is 
covered with impermeable surfaces such as roads and buildings creating less room for rainfall 
and snowmelt to be stored (Smith et al. 2002).  
Development can affect flooding in several ways.  Removing vegetation and soil, grading 
the land surface, and constructing drainage networks increase runoff to streams from rainfall and 
snowmelt.  This results in the peak discharge, volume, and frequency of floods to increase in 
nearby streams.  Development changes the way rainfall and snowmelt are stored on and run off 
the land into the streams.  It also reduces infiltration and accelerates runoff.  In addition, changes 
are frequently made to existing streams for development; this can limit their capacity to contain 
floodwaters.  This can also cause concern for roads and buildings constructed in these areas.  
These structures are prone to floods and the damages floods can cause (Colosimo & Wilcock 
2007). 
When comparing streamflow in urban and rural creeks the urban creek tends to have a 
much higher peak discharge than the rural creek.  The urban stream has a much higher peak 
discharge and then flow quickly drops back to base flow.  The rural stream has a much lower 
peak discharge but then flow steadily remains higher than base flow.  Figure 2.3 shows discharge 
per unit area in Mercer Creek (urban stream) compared to flow in Newaukum Creek (rural 
stream).  As with any comparison between streams, the differences in streamflow cannot be 
attributed solely to land use, but may also reflect differences in geology, topography and storm 
patterns (Konrad 2005).   
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Figure 2.3 Unit discharge in Newaukum Creek (Urban) and Mercer Creek (Rural) (Konrad 2005) 
The frequency of moderate flooding can increase substantially after development.  
Looking at the USGS gaging station 01649500 in the Northeast Branch of the Anacostia River in 
Maryland, the annual frequency that daily discharge exceeded 1,000 ft3/s increased from once or 
twice per year in the 1940s and 1950s to as much as five or six times per year in the 1980s and 
1990s (Figure 2.4) (Konrad 2005). 
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Figure 2.4 Frequency of floods, northeast branch of Anacostia River (Konrad 2005) 
2.1.3  Reducing Flood Hazards in Urban Areas 
Various measures have been taken to reduce the effects of flooding in urban areas.  Some 
areas that have been identified as flood-prone have been used for parks.  Drainage systems have 
been expanded to increase their capacity for detaining and conveying high streamflows; for 
example, by using rooftops and parking lots to store water.  Techniques that promote infiltration 
and storage of water in the soil column, such as infiltration trenches, permeable pavements, soil 
amendments, and reducing impermeable surfaces have also been incorporated into new and 
existing residential and commercial developments to reduce runoff from these areas (Konrad 
2005). 
Some of these practices have been put into place and had positive results.  In a Seattle, 
Washington neighborhood, wet-season runoff was reduced by 98 percent by reducing the width 
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of the street and incorporating vegetated swales and native plants in the street right-of-way 
(Konrad 2005). 
The U.S. Geological Survey in cooperation with the City of Charlotte and Mecklenburg 
County, North Carolina, developed a flood information and notification system (FINS) to 
address the need for prompt notification of flood conditions in urban areas where streams rise 
and fall rapidly.  FINS is based on a large network of streamflow gaging and rainfall stations that 
broadcast information within minutes of being recorded via radio telemetry.  This system 
automatically notifies the National Weather Service and emergency responders in the region 
when rainfall and streamflow indicate the likelihood of flooding, giving these agencies additional 
time to issue warnings and evacuate areas if necessary (Konrad 2005). 
2.1.4 Streambank erosion 
Streambank erosion can occur from developers poorly choosing locations to install 
stormdrain outlets.  In addition, the increase in the water surge during storm events enhances 
erosion of the streambanks.  Erosion can cause undercutting of trees which can then fall into the 
stream.  This creates further complications as the fallen trees divert the water against and over 
the banks causing yet more erosion (Nebel & Wright 1998).   
In a channel, the finer soil particles, such as clay and silt, are easily carried downstream 
to settle out in lakes and bays.  In general, more coarse materials such as sand, stones, and rocks, 
are heavier and not as easily transported.  These materials are deposited in the stream itself.  This 
filling of the stream channel causes the water to erode the banks to a greater extent.  The result is 
that the stream channel gets wider and shallower.  Over time, a stream that was once narrow and 
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lined with trees may be converted into a broad sometimes wet, sometimes dry area of sand and 
gravel (Nebel & Wright 1998).  
Colosimo and Wilcock (2007) found that all sites they studied had an increase in width or 
a decrease in bed elevation or both which was attributed to streambank erosion caused by 
urbanization.  Their findings were consistent with a study by Hammer (2002) in which an 
increase in stream width was attributed to an increase in impervious land area as a result of 
development.  This is interesting because it is expected that a channel would become deeper and 
narrower with development (Figure 2.2).  This could be attributed to an increase in stream flow 
velocity which would erode the banks quickly making the channel wider and the sediment may 
deposit onto the ground causing the channel to be more shallow than pre development.   
Many studies have been conducted that analyze the magnitude of flow velocities that are 
required to pick up grains of certain sizes.  The results can be plotted on a Hjulstrom diagram.  
This diagram shows grain entrainment on a graph of log grain size versus log flow speed (Figure 
2.5).  In general, this diagram shows the conditions under which grains of different sizes do not 
move and remain on the bed, when they may or may not get moved, and when they get lifted and 
transported downstream.  Normally, the larger grains require higher flows and the smaller grains 
require lower flows for movement to occur.  Actual flow characteristics are complex but the 
Hjulstrom diagram can summarize data for a broad understanding of the system and sediment 
transport dynamics (Sumner 2006).   
13 
 
 
Figure 2.5 Hjulstrom diagram (http://earth.unh.edu/esci402/docs/docs.htm)  
The water speed that is required to transport a grain is called the “critical velocity.”  
Some factors can influence this value such as deeper flows.  Deeper flow can move larger grains 
at the same flow velocity because it has greater turbulence.  Turbulent flow has a larger variation 
in flow speed; it can have bursts of very rapid flow compared to the average flow speed and 
these bursts can be responsible for picking up the larger grains.  For very small grain sizes, such 
as silts and clays, the speed of flow required for erosion actually increases.  This occurs because 
of electrochemical charges at the surfaces of clay causing the individual grains to stick together.  
The bond of the clay grains makes it more difficult to erode, requiring a faster water flow to 
move the particle.  Clay is also an interesting case because the bond of the clay grains can 
depend on the amount of water between each individual particle (Sumner 2006). 
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2.1.5 Channelization 
To achieve engineering objectives, it may be necessary to substantially alter an existing 
stream.  Frequently, bed and bank stabilization is required (Figure 2.6).  Channelization involves 
changing one or more of the interdependent hydraulic variables of slope, width, depth, roughness 
or size of the sediment load (Nunnally 1978; Ritter 1979).  By making these alterations, the 
existing equilibrium will be disrupted, and to compensate for this there will be natural changes in 
the remaining hydraulic variables in an attempt to attain a new state of equilibrium.  Frequently, 
the application of conventional designs has resulted in unfavorable adjustments because 
inadequate consideration has been given to the natural form and process of the river channel 
(Emerson 1971).  This can require extensive and costly maintenance (Brookes 1998).   
 
Figure 2.6 Channelized stream (photo taken of Scajaquada Creek, NY in January 2011) 
When a stream becomes straighter and more spatially homogenous in terms of width, 
depth, flow rate and substrate type it tends to have decreased habitat diversity, which affects the 
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type and diversity of organisms it can support.  Typically, a natural stream meanders, varies 
spatially in flow rates, and has both riffle and pool habitat.  An urban stream that has been 
channelized has a straight channel and uniformity of flow rates, substrate sizes, and habitat types 
(Brooker 1985).  This “urban stream syndrome” has deceases habitat diversity, increases erosion, 
and increases turbidity, among other factors (Muth et al. 2011).   
In prairie rivers in Alberta, Parker and Andres (1976) found that straightening a 
meandering stream increased the slope by providing a shorter channel path.  The increase of the 
slope allowed the transport of more sediment than was supplied at the upstream end of the 
channelized reach and the difference was gained from the bed, causing degradation which 
progressed upstream.  An excess of sediment load was then supplied to the downstream part of 
the channelized reach.  Because the flatter natural reach downstream could not transport this 
sediment it was deposited on the bed.  The excess was deposited in gradually decreasing 
quantities with distance downstream.  Degradation within the straightened reach can also cause 
bank collapse.  There is a range of adjustments which might occur in response to straightening a 
stream, these can include but are not limited to: steeper slope, higher velocities, increased 
transport and channel degradation as well as flattening the reach downstream (Brookes 1998). 
2.2 Stormwater pollutants 
Urban runoff is recognized as a major source of pollution to receiving waterbodies 
including lakes, rivers and estuaries.  The quality of the runoff is dependent on the land use in the 
watershed (Vollertsen et al. 2009).  Major contaminants include (but are not limited to): nutrients 
from lawn and garden fertilizers, insecticides and herbicides used on lawns and gardens, bacteria 
from fecal wastes of pets or septic systems, road salt and other chemicals from surface treatments 
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or spills, particulates and toxic chemicals from settled vehicle exhaust and other air pollution, oil 
and grease picked up from road surfaces or disposed of in storm drains, and trash and litter 
carelessly discarded on the ground (Nebel & Wright 1998). 
2.2.1 Nutrients 
Nitrate 
Estuaries are among the most productive, diverse and economically important ecosystems 
on earth.  A large amount of the world’s commercial and recreational fish stocks depend on 
estuaries as nurseries, refuges, and feeding grounds.  In addition, 75% of the world’s human 
population live on estuarine and coastal watersheds (Paerl 2006).  With so many inhabitants 
living in these environments, nutrients as well as other pollutants can enter these waterbodies 
from surface runoff, atmospheric deposition and groundwater discharge.  Anthropogenic 
nitrogen inputs have increased 10 fold in the past century.  Although these waterbodies depend 
on nutrient inputs to be productive, the drastic increase of nitrogen inputs has over-enriched 
some environments.  This has lead to excessive production of organic matter in the form of algal 
blooms (eutrophication) (Paerl 2006).      
Phosphorus 
Some sources of phosphorus include: 
 -human disturbance of the land and its vegetation  
 -sewage from wastewater treatment plants and septic systems 
 -soil erosion  
 -fertilizers 
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Phosphorus comes in both organic and inorganic forms.  Organic phosphate is part of living 
plants and animals, their by-products, and their remains.  Inorganic phosphates can bond to soil 
particles and phosphates can be present in laundry detergents.  Phosphorus is a plant nutrient 
needed for growth and a fundamental element in the metabolic reactions of plants and animals.  
Plant growth is limited by the amount of phosphorus available; it functions as a “growth – 
limiting” factor because it is usually present in very low concentrations (in most waters) (Stapp 
et al. 1995).   
The natural scarcity of phosphorus can be explained by its attraction to organic matter 
and soil particles.  Any unattached or “free” phosphorus, in the form of inorganic phosphates, is 
rapidly taken up by algae and larger aquatic plants.  Because algae require small amounts of 
phosphorus to live, excess phosphorus causes extensive algal growth called “blooms.” 
Algal blooms are a classic symptom of cultural eutrophication.  Cultural eutrophication is the 
human-caused enrichment of water with nutrients, usually phosphorus (Stapp et al. 1995).    
Sewage from wastewater treatment plants and septic systems can cause excess 
phosphorus in a waterway.  According to the EPA, sewage effluent should not contain more than 
1 mg/L phosphorus but outdated waste water treatment plants (WWTPs) usually do not meet this 
standard.  Also, storm sewers can contain illegal connections from sanitary sewers.  Sewage 
from these connections can be carried into waterways by rainfall and melting snow (Stapp et al. 
1995).   
Efforts in the last 20 – 30 years have attempted to decrease effluent discharges to lakes by 
reducing sewage and industrial loading.  However, phosphorus inputs from non-point sources 
remain high especially in agricultural areas (Jeppesen et al. 2007).  
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Eutrophication 
Eutrophication is the over enrichment of aquatic ecosystems with nutrients leading to 
algal blooms and anoxic events (Figure 2.7).  This is a persistent condition of surface waters and 
a widespread environmental problem which can cause other problems in a lake such as decreased 
dissolved oxygen (DO).  Some lakes have recovered after sources of nutrients were eliminated or 
reduced (Carpenter 2005; Jeppensen et al. 2007, Vollertsen et al. 2009).  Some positive 
outcomes that have resulted from this reduction effort have been lower in-lake total phosphorus 
(TP) and decreased chlorophyll a levels as well as reduced phytoplankton biomass and greater 
Secchi depth.  These outcomes do not occur immediately.  Jeppensen et al. (2007) found that 
because internal loading can delay recovery of a eutrophic lake, it can take 10-15 years for TP to 
reach a new equilibrium and 5 years for nitrogen.  Other biological factors such as fish biomass, 
percentage of piscivores, and the zooplankton:phytoplankton biomass ratio can affect nutrient 
concentrations in lakes.  Some efforts have been made to accelerate recovery such as selective 
removal of planktivorous fish, stocking of piscivorous fish and planting or protection of 
submerged plants.  These measures have had varying success and their long term effectiveness is 
unknown.  In extreme cases, sediment removal may be an option; however, this is an expensive 
measure (Jeppensen et al. 2007). 
Unfortunately, in some cases high nutrient inputs over many years can cause a lake to 
remain eutrophic regardless of reducing external inputs.  This is caused by internal cycling.  To 
reduce nutrients in this type of situation, changes in soil and sediment management would need 
to occur which reduce overenrichment of soils and/or reduce erosion rates and manage the 
nutrient concentrations in the sediment (Carpenter 2005).  An image of a eutrophic lake is 
provided in Figure 2.8.  
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Figure 2.7 Eutrophication (image from http://www.lincoln.ne.gov.) 
 
  
Figure 2.8 Eutrophic lake (image from http://www.sccwrp.org.) 
20 
 
2.2.2 Total Suspended Solids (TSS) 
Sediment can enter an aquatic system through erosion from urban runoff and agricultural 
land, industrial wastes, bank erosion or wastewater discharges (North Dakota Department of 
Health 2005).  The Hjulstrom Diagram (Figure 2.5) shows the velocity that might be required to 
move a sediment of a particular size.  After a particle is lifted into the flow it can either fall back 
to the bed or stay in the flow.  Grains that fall back to the bed quickly are called the bedload.  
These grains typically have a high mass and can include sands and gravels which move by 
saltation.  Also included in the bedload are the grains rolling across the bed that are too large to 
be suspended in the flow.  Instead these sediments move via traction.  The lighter weight grains 
that float in the water are called the suspended load.  The sediments that remain in the flow are 
more dense than the water but can stay suspended because the upward motions of the turbulent 
flow are faster than the rate they settle (Figure 2.9).  When these light weight sediments reach 
less turbulent areas, such as a lake or estuary, they settle out (Sumner 2006).       
 
Figure 2.9 Sediment Movement through water (cstl-csm.semu.edu) 
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Suspended sediment in water can be detrimental to aquatic organisms.  The sediments 
can clog fish gills, reduce growth rate, decrease resistance to disease and prevent egg and larval 
development.  It also destroys habitat as sediment covers everything (North Dakota Department 
of Health 2005).  Suspended sediment can also reduce water clarity and can block light to 
aquatic plants, and carry contaminants (Sun et al. 2001).      
Currently, the only way to measure total suspended sediment (TSS) concentration is to 
manually collect a sample and analyze it in a lab by separating the water from the sediment.  TSS 
is typically well correlated with turbidity which is a measure of cloudiness of the water (Sun et 
al. 2001) (Figure 2.10).  Unlike TSS, turbidity can be measured optically using Hydrolabs or YSI 
instruments.  These instruments allow real time data to be viewed as well as continuous 
monitoring which can show trends that discrete TSS sampling could not show (Banasik and 
Walling 1996; Jansson 1997; Sun et al. 2001).  Some factors may make it more difficult to find a 
statistically significant relationship between TSS and turbidity such as water color, particle size, 
minerals and organics in water (Gippel 1989).   
 
Figure 2.10 Turbidity 
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2.2.3 Escherichia coli (E. coli) 
Coliforms are defined as a group of bacteria that are gram-negative, aerobic or facultative 
anaerobic, non spore-forming rods that ferment lactose in 48 hours at 35°C.  Fecal coliforms are 
distinguished by their thermo tolerant growth; temperatures up to 44.5°C (Erikson 1986).  E. coli 
is a strain of fecal coliform, named after Theodor Escherich, who was the first to use these 
bacterium as an indicator species (Black 1993).  Cellular organisms are referred to by two 
names, their genus and species.  Hence, Escherichia is the genus and coli are the species (Black 
1993).  
E. coli is a species of bacteria present in high numbers in the intestinal tract of all warm-
blooded mammals, including humans.  Most strains of E. coli are harmless to humans, others 
such as E. Coli 0157 are pathogenic and are commonly associated with food poisoning. 
Enterobacteriaceae  is a family of the y-Proteobacteria that includes Escherichia coli and related 
gram-negative bacteria.  There are three different types of pathogenic E. coli; Enterohemorrhagic 
Escherichia coli (EHEC) is a bacterium that causes hemorrhagic colitis, this is the form also 
called E. coli 0157 which is a shiga-toxin producing bacteria.  Typically when news reports have 
an “E. coli breakout,” it is in these forms, it can also be called STEC for short.  Enteropathogenic 
Escherichia coli (EPEC) is a bacterium that causes diarrhea after colonization of the middistal 
small intestine.  Enterotoxigenic Escherichia coli (ETEC) is the bacterium that is the most 
common agent of watery “tourist’s diarrhea” (Schaechter 2000).   
The presence of E. coli in surface waters suggests that other pathogenic organisms may 
be present and therefore is termed an indicator bacteria (IDEM 2008; Glossary of Water Quality 
Terms 2008; Irvine and Pettibone 1993).  Because it is difficult and costly to measure individual 
pathogens in surface waters, E. coli is frequently used as an indicator of fecal contamination 
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because it is one of the most robust pathogens.  Although it is easy to detect fecal contamination 
via E. coli testing, it is much more difficult to track down how the contamination is entering the 
waterway.  There are several different paths by which waterways can become contaminated such 
as Combined Sewer Overflows (CSOs), failing septic systems, wildlife and urban and 
agricultural runoff; some sources are easier to locate than others (IDEM 2008; Kaspar et al. 
1990; Great Lakes Water Institute; Escherichia Coli 2008; Glossary of Water Quality Terms 
2008).  CSOs happen during rainfall events and several studies have been conducted to 
determine effects of CSOs on our waterbodies using the presence of E. coli during and after 
storm events as an indicator of fecal contamination (Irvine & Pettibone 1993; Bower et al. 2005).    
E. coli can cause health problems in humans and animals if contaminated water is 
ingested.  Most commonly this occurs while swimming at beaches or drinking contaminated 
water.  In 1975, at Crater Lake National Park, the water supply was contaminated when an 
obstructed sewer line caused sewage to overflow into a spring.  More than 1000 people were 
affected by enterotoxigenic E. coli and suffered illnesses such as diarrhea and other 
gastrointestinal illnesses (Erikson 1986).  Dufour (1983) studied the effects of elevated E. coli 
levels at freshwater beaches.  He found that high concentrations of E. coli in the water were 
correlated with incidences of swimming related illnesses (Dufour 1983).  E. coli also can enter 
the body by drinking contaminated water or eating food handled without sanitary precautions; 
this is common in developing countries (Black1993; Sankaran 2000). 
It is estimated that 250 million people travel internationally annually (Black 1993).  
Traveler’s Diarrhea, also known as “Delhi belly” or “Montezuma’s revenge,” occurs in 
approximately 100 million of these travelers every year.  Pathogenic strains of E. coli are 
responsible for 40-70% of these cases (Black 1993).  Cases of Traveler’s Diarrhea can be mild to 
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severe and may include nausea, vomiting, diarrhea, bloating, malaise, and abdominal pain.  
These symptoms typically last 3-4 days but can persist for months or even years as post-
infectious irritable bowel syndrome (Schaechter 2000).  Traveler’s Diarrhea is especially 
hazardous to infants who are subject to severe dehydration and can even lead to death (Black 
1993, Sankaran 2000). 
Urinary Tract Infections (UTIs) are very common infections that can be caused by E. 
coli; they account for approximately 3 million office visits annually in the United States alone.  
UTIs cause either an inflammation of the urethra (urethritis) and/or an inflammation of the 
bladder (cystitis) (Black 1993).  E. coli is the contributing agent in 90% of UTI’s but it is 
possible for other bacteria to cause this type of infection (Madappa 2009).  Prostatitis is an 
inflammation of the male prostate gland.  The symptoms of Prostatitis are urgency and frequency 
of urination, low fever, back pain and sometimes muscle and joint pain.  Chronic Prostatitis can 
lead to persistent UTI’s in males and may inevitably cause infertility.  E. coli are responsible for 
80% of these cases.  Other illnesses such as Bacterial Meningitis, Cholecytitis, and 
Pyelonephritis can be caused by E. coli (Black 1993).      
E. coli can come from point source or non-point sources.  O’Shea and Field (1992) 
discuss ways that our waterbodies can become contaminated, particularly from storm-generated 
discharges.  These can originate from separate drainage systems, combined sewers carrying a 
mixture of sanitary waste water and stormwater (combined waste water), and sanitary sewers 
inappropriately or illicitly cross connected to separate storm sewers (O’Shea & Field 1992). 
Non-point source pollution is much more difficult to track down because it is not as 
easily visible as point source.  According to a number of state agencies, non-point source 
pollution is the leading cause of water quality problems (Polluted Runoff 2008).  Non-point 
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source pollution is caused by rainfall or snowmelt moving over and through the ground (IDEM 
2008).  As the runoff travels, it picks up and carries away natural and human-made pollutants.  
The runoff finally deposits into lakes, rivers, wetlands, coastal waters, and even groundwater 
(Polluted Runoff 2008). 
Indirect discharges can occur when homes are built in rural areas where there is no 
community sewer in place.  Septic systems consist of large buried tanks and a series of 
perforated pipes that are placed in the soil down slope from the tank (Figure 2.11).  Most of the 
sewage solids are retained in the septic tank where they naturally decompose through 
biodegradation.  The contents of the septic tanks may seep into groundwater and move into the 
waterway when they are not properly managed.  Septic systems also can be a problem when they 
are placed in areas with poor soil conditions, high water tables, or areas that are too small to 
accommodate the discharge volume (Virgil 2003).    
 
 
 
 
26 
 
 
Figure 2.11 Septic system and typical leaching bed 
 (Green Valley Environmental 2006 – 2007) 
 
It was originally thought that high levels of fecal coliforms in the Buffalo River were 
caused by the 33 CSOs that empty into the river during larger storm events.  Upon further 
investigation, Irvine et al. determined that the greatest numbers of fecal coliforms were coming 
from upstream of the sewer outfalls.  A Better Assessment Science Integrating Point and 
Nonpoint Sources (BASINS) model calibrated with BASINS win HSP-F (Hydrologic Simulation 
Program-Fortran Release 3) model was used to determine the amount of fecal coliforms that 
were being discharged to the river.  The model showed that septic systems may provide 20-50% 
of the fecal coliform concentrations in the downstream sub-basins of the Buffalo River 
watershed during dry weather (Irvine et al. 1993).    
Runoff can also be attributed to higher levels of E. coli (Bakert 2009).  When it rains, 
eventually the soil will become saturated and cause runoff.  This runoff may flow over manure 
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from pets and farm animals in agricultural areas and eventually wind up in our streams (IDEM 
2008).   
Wildlife is a natural source of E. coli; ducks, geese, deer, raccoons and other fauna that 
live on or near the waterway contribute E. coli from their feces (IDEM 2008).  Unfortunately, 
conventional microbial techniques do not differentiate between sources of E. coli.  This makes it 
much more complicated to design management practices to reduce bacterial contamination 
(Somarelli et al. 2007).  However, it is possible through DNA fingerprinting to differentiate 
between human and animal E. coli.  When waterways are contaminated with fecal coliform 
bacteria from humans, there may be other potential human pathogens present such as Salmonella 
spp., Shigella, hepatitis A virus, and Norwalk group viruses.  Several analytical methods have 
been developed for differentiating between human and nonhuman sources of fecal pollution.  
These methods include determining percentages and identities of fecal streptococci, determining 
differences in RNA coliphage distribution, pulsed-field gel electrophoresis, and determining 
whether Bacteroides fragilis HSP40 phages are present.  However, a completely adequate 
technique has not been found yet.  Historically, the ratio of fecal coliforms to fecal streptococci 
has been used, but it has been shown that this method is unreliable.  There have been several 
reports of the use of antibiotic resistance profiles to determine sources of E. coli.  It has been 
found that isolates obtained from humans, chickens, and dairy cows have higher resistance 
indices than strains obtained from wild animals.  The rep-PCR DNA fingerprinting technique can 
be used to differentiate E. coli strains obtained from known animal and human sources.  In rep-
PCR DNAfingerprinting, PCR amplification of the DNA between adjacent repetitive extragenic 
elements is used to obtain strainspecific DNA fingerprints which can be analyzed with pattern 
recognition computer software.  The rep-PCR technique can differentiate between closely related 
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strains of bacteria. This method has been used successfully to classify and differentiate among 
strains of E. coli, Rhizobium meliloti , Bradyrhizobium japonicum , Streptomyces spp., 
Xanthomonas spp., and several other bacteria (Dombek et al. 2000).  
2.2.4 Oil and Grease 
Dramatic events such as the BP oil spill in the Gulf of Mexico have recently brought 
attention to the public on the problems associated with petroleum pollution in our waterways.  
However, other sources can also contribute to petroleum in our waterways such as automobiles, 
restaurants, urban runoff, wastewater treatment effluents, and industrial discharges.  Oil and 
grease (O & G) can come in several forms in stormwater: 
• O&G sorbed to trash and other debris 
• O&G sorbed to particulates 
• emulsified oils (small drops of oil suspended in stormwater) 
• free floating oil 
• suspended oil 
Several adverse effects occur when O&G get into stormwater runoff and eventually into streams 
and lakes.  Typically, O&G are not water soluble; they tend to float on the surface producing a 
layer of scum which can have foul odors and be difficult to dispose of properly. When O&G are 
disposed of in storm drains, it will require the piping system to be cleaned more often than usual 
and could cause the piping system to be replaced sooner than otherwise expected.  Grease in a 
warm liquid form may not appear harmful.  Conversely, as the liquid cools, the grease or fat 
congeals and creates nauseous mats on the interior of pipes.  Greases and oils can adhere to the 
surface of stormwater pipes, causing them to become clogged and not function at 100% capacity 
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(Figure 2.12).  When these pipes become congested, other complications such as ineffective 
drainage and flooding can occur.  O&G can also affect best management practices (BMP’s) such 
as sand filtration systems by clogging the small pores in the sand and over time this would cause 
a malfunction in the BMP (GM91-026 Oil and Grease Analysis Manual 1991; Clean Water 
Services 2011).   
 
Figure 2.12: Grease buildup in storm drain (http://www.co.sanmateo.ca.us/.)   
Research shows that between 83 and 98 percent of total hydrocarbons in stormwater 
runoff are associated with particulate matter, and evidence suggests that a significant portion of 
these particles are settleable solids, such as sediments (Hoffman et al., 1982).  Therefore, 
stormwater BMPs designed to remove sediments may also remove some oil and grease 
associated with the sediments.  However, typically, only free-floating oil concentrations are 
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measured and reported in stormwater studies.  This may give an inaccurate description of the 
actual field conditions related to oil and grease in the system (CDSTechnologies, Inc., 2000). 
Concentrations of free floating oil and grease typically range between 10-35 mg/L for urban 
stormwater runoff (U.S. EPA, 1999a), although concentrations can vary widely and are 
dependent on catchment characteristics (Hoffman et al., 1982; and Stenstrom, et al., 1984).  
There are various methods of removing free floating oils and grease from stormwater.  
One method is through the use of sorbent materials.  Sorbent materials conventionally have been 
used to clean up spills, such as for soaking up fuel spilled on a roadway.  Sorbent materials 
(which include absorbents and adsorbents) have specific physical and/or chemical properties that 
allow them to attract specific types of liquids and/or gases.  Absorbents and adsorbents function 
in different ways.  Typically, absorbent materials attract compounds into their pore spaces; 
adsorbents attract materials to their surfaces but do not allow them to penetrate into their pore 
spaces.  Both processes can essentially “capture” O&G and other contaminants, concentrating 
them or removing them from solution.  As a result, either process allows captured materials to be 
more easily removed from a media (Dihora and Chapman 2003).  
In recent years, sorbent materials have been incorporated into stormwater BMPs to 
improve water quality from stormwater runoff.  Sorbent materials are currently being employed 
within BMPs placed in stormwater catch basins, sumps, or other parts of a storm sewer system to 
capture hydrocarbons and other toxic chemicals and prevent them from being carried through the 
stormwater system (USEPA Stormwater Technology Fact Sheet: Sorbent Materials in 
Stormwater Applications; Kirnbauer et al. 1995; Dihora & Chapman 2003). 
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Hoffman et al. (1982) conducted a study to determine the relationship of hydrocarbon 
load to the total rainfall and land use.  They also measured the concentration of hydrocarbons 
and suspended solids (SS) in runoff as a function of time through a storm.  Hoffman et al. 1982 
modeled a 30.9 acre section of a shopping center in Rhode Island in which 90% of the drainage 
was from a parking lot (example of a commercial land use).  Samples were collected at the 
stormwater outfall as a function of time (generally every 30 minutes).  They also took flow 
measurements and rain gauge measurements.  Their results showed that rainfall varied from 0.05 
inches to 1.6 inches; SS ranged from 0.69 to 2.15 mg/L.  Linear regression analysis was 
performed and it determined that hydrocarbons were linearly related to total rainfall, and largely 
associated with particulate material (83 to 93%).  This is likely because hydrocarbons are not 
typically soluble in water and have been shown to be attracted to interfaces.  It is unknown if the 
hydrocarbons in runoff are incorporated in the solids themselves, or if they are just adsorbed to 
the surface of the solids (Hoffman et al. 1982).  
Hoffman et al.’s (1982) study, as well as numerous previous studies indicate that the 
highest TSS are associated with the first flush (Gupta and Saul 1996; Deletic & Maksumovic 
1998; Lee et al. 2002).  Hoffman et al.’s (1982) study showed that the highest concentrations of 
hydrocarbons are also associated with the first flush.  Upon further examination of the data, it 
was also determined that the actual peak in particulate hydrocarbon concentrations followed the 
peak in flow and SS by approximately 10 minutes.  This suggests that the more oily particles are 
transported at a slightly slower rate than the less contaminated particles (Hoffman et al. 1982).   
       
Research conducted by Irwin et al. in 1997 suggested a threshold for O&G discharges.  
They determined that discharges of 10 mg/L (allowed by several western states) are not safe for 
aquatic organisms.  Cutthroat trout (Salmo clarki) were exposed for 90 days to four 
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concentrations (ranging from 100 to 520 ug/L) of a Wyoming crude oil in water.  Survival was 
reduced to 52% at 520 ug/L, but was not affected by the 3 lower concentrations examined in the 
study.  Growth was significantly slower than control fish at all four concentrations.  Exposure 
concentrations of 520 and 450 ug/L induced gill lesions and development of lesions on the retina 
and lens of the eye. Accumulation of total hydrocarbons in fish tissue was directly related to 
water concentration, except for fish in the 520 ug/L concentration (Irwin et al. 1997).   
 
2.3 Stormwater Management Practices 
 The goal of stormwater management practices is to reduce peak flows, control runoff 
pollution, and increase infiltration.  The effects of these practices is to protect and enhance 
natural streams and riparian property by reducing flooding and channel erosion, increasing 
baseflows, and improving natural water quality (Randolf 2004).   
The first steps to improving stormwater management are better planning in land 
development and pollutant source reduction.  These measures will not “fix” the problem but are a 
good start.  In land development, conservation design can reduce runoff and pollutants by 
retaining open spaces and natural vegetation areas.  This will minimize and disconnect 
impervious surfaces, and preserve natural drainage.  Disconnecting impervious areas from one 
another reduces the effective impervious area (EIA) or the impervious area that is directly 
connected to the storm drain system in a catchment or watershed (Randolph 2004).  Most states 
require that land developers have planning for stormwater.  A common management technique 
for new suburban developments is to construct a stormwater retention reservoir at the low 
extremity of the site.  A stormwater retention reservoir is simply a “pond” that receives and holds 
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runoff from the site during storms (Figure 2.13).  From the pond the water may gradually 
infiltrate into the soil or it may trickle out slowly through a standpipe.  Thus, the pond plays a 
role in imitating groundwater storage and it may also create a pocket of natural wetland habitat 
supporting wildlife.  Very large stormwater retention flood control reservoirs may serve 
additionally as recreational areas with boating and fishing (Nebel & Wright 1998). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.13 Subdivision in Lancaster, NY (www.Bing.com) 
Pollutant source reduction also has an important role in stormwater management.  Removing 
pollutants at the source before runoff occurs prevents non-point source pollution.  Urban sources 
can be controlled to some extent by street vacuuming and litter control.  However, one of the 
problems of street sweeping is lack of a testing procedure specifically designed to show how 
effective particular sweepers are at picking up different types of debris.  Frequently, to test which 
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street sweeper models are more effective, municipal officials will display a quantity of debris on 
a flat clean surface, run the machine over the debris and generally, whichever sweeper leaves the 
least debris behind is considered the most effective.  That may be a method of judging volume of 
debris picked up which is important for esthetic purposes but, frequently overlooked is which 
sweeper is most effective at removing fine sediment.  This is of particular interest because fine 
sediments are known to be associated with the highest levels of heavy metals and other 
pollutants in stormwater.  The only way street sweeping will be considered a BMP is if a uniform 
testing procedure is developed (Schwarze Industries 1997).  Some independent studies have been 
performed and found that street sweeping programs can significantly reduce pollutant 
concentrations in runoff from urban streets.  Kurahashi & Associates (1996) performed several 
studies on different sweeping technologies to pick up accumulated sediment of various sizes.  
Their results suggested that reductions of up to 80% in annual TSS could be achieved using 
weekly to bimonthly sweepings.  Some variables such as speed and frequency of stops can effect 
efficiency of different sweeper models.  Overall, it was found that a vacuum-assisted dry 
sweeper was far superior to the others in picking up fine sediments (Sutherland and Jelen 1996).  
Source controls also include education programs for homeowners, household hazardous waste 
collection, companion animal waste control ordinances, and community roadside and streamside 
cleanup programs (Randolph 2004). 
There is a wide range of measures, synthesizing numerous approaches labeled by others 
(Urbonas & Stahre, 1993; D’Arcy & Frost 2001; Barrett 2005) as runoff controls, best 
management practices (BMPs), stormwater treatment and low impact development integrated 
management practices (IMPs).  Land use planning, design and management refers to approaches 
applied to prevent excessive runoff and pollution in urban and agricultural land uses.  The aim is 
35 
 
to conserve vegetation, minimize impervious cover, and prevent pollution.  Some examples 
include revegetation planning, rooftop gardens and cluster development.  Pollutant source 
reduction aims to reduce the application of, or clean up, potential contaminants before rainfall 
events convert them into runoff pollutants.  Some examples include nutrient management plans, 
integrated pest management, urban street vacuuming and litter control.  Stormwater control and 
treatment includes practices to control runoff and remove pollutants, often before they leave the 
site and at least before they enter receiving waterbodies.  Some examples include bioretention 
cells, ponds, wetlands and/or filtration (Randolph 2004). 
All the preventative measures listed above are important and contribute to improvement 
of our waterbodies but these measures are usually insufficient to achieve stormwater 
management objectives, especially in urban and urbanizing areas.  Stormwater management 
practices (SMPs) aim to reduce runoff, increase infiltration, and provide settling, filtering, and 
biological treatment of the remaining runoff.  Some measures are most effective on site and 
others are carefully designed bioengineering systems that mimic nature.  Either way, the final 
goals are the same: to maintain predevelopment runoff volume and quality (Randolph 2004).  
Randolf has listed 6 categories of SMPs: 
 
1. Bioretention cells:  a vegetated sink that detains and filters runoff, providing some 
infiltration 
2. Stormwater ponds: wet or dry ponds drain and store runoff for slow release 
3. Constructed Wetlands: detains and biologically treats runoff  
4. Filtration: Engineered sand filtration systems 
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5. Infiltration: excavated trenches or drains that provide infiltration of runoff to 
subsurface flow 
6. Conveyance and open channels: moves runoff slowly from site or to pervious areas 
2.3.1 Bioretention 
In bioretention cells, landscaping features are usually located in parking lot islands or 
residential land depressions, which contain mulch, soil and vegetation designed to provide a 
natural pollutant removal mechanism (Figure 2.14).   
 
Figure 2.14 Bioretention (www.aces.edu.) 
After filtering through the mulch and soil bed, runoff is usually collected in a perforated 
underdrain and returned to the storm drain system (Randolph 2004).   
In general, a bioretention system includes (Davis et al. 2009): 
• 0.3 to 1.0 meters of a sand/soil/organic media for treating infiltrating stormwater runoff 
• a surface mulch layer 
• various forms of vegetation 
• orientation to allow 15 to 30 cm of runoff pooling and associated appurtenances for inlet, 
outlet, and overflow. 
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However, other designs are implemented successfully such as the system shown in Figure 2.15.  
This system has an additional layer of course sand between the main filter media and the course 
sand/ gravel at the lowest layer to help further treat runoff.   
 
Figure 2.15 Bioretention system diagram (from www.riversands.com.au.) 
 
Bioretention has become widely used throughout the United States and around the world 
as a BMP.  It has recently become a preferred site practice for green building and Leadership in 
Energy and Environmental Design (LEED) certification.  Even with its growing acceptance for 
use as a BMP, detailed performance information and related design guides are not currently 
available for many areas.  Frequently, state and local agencies will adopt a bioretention guideline 
published by another state agency without modifying it for local conditions or use out of date 
information (Davis et al. 2009).   
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2.3.2  Stormwater ponds 
 Stormwater ponds are another type of BMP used to control runoff.  There are two types 
of stormwater ponds: wet ponds and dry ponds.  Wet ponds are designed to retain water at all 
times and dry ponds are designed to only hold water during a storm event.  They each have 
different specifications for design and can function well in different environmental conditions.  
There are advantages and disadvantages for each, but, it has been suggested that wet detention 
ponds achieve a higher level of nutrient removal and better stormwater quantity control than any 
other BMP including dry stormwater ponds (USEPA 1999).   
The USEPA describes wet detention ponds as a stormwater control structure that 
provides both retention and treatment of contaminated stormwater runoff (USEPA 1999).  The 
structure of a wet detention pond consists of a permanent pool of water into which stormwater 
runoff is directed.  Because stormwater is captured and retained, both water quantity and quality 
is effectively controlled.  The water quality is controlled in two main ways: natural biochemical 
degradation and sedimentation.  The pond’s natural physical, biological, and chemical processes 
work to remove pollutants, while sedimentation removes particulates, organic matter and metals 
(USEPA 1999). 
Wet detention ponds need to be designed for locations that are capable of maintaining a 
permanent pool of water.  Some other considerations need to be taken before proposing this 
BMP for a site, such as land constraints, discharges of warm water to a cold water fishery, and 
local climate which may have issues with freezing in shallow ponds and additionally may affect 
contaminant uptake by plants (USEPA 1999).  Stormwater ponds are sometimes chosen over 
constructed wetlands because they have a lower requirement for land area (Vollertsen et al. 
1999).  As mentioned previously, there are both advantages and disadvantages to wet ponds.  
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Some benefits include decreased potential for downstream flooding and stream bank erosion due 
to the control of stormwater quantity and improved water quality.  However, if a wet stormwater 
pond is designed improperly, there could be negative effects on water quality, groundwater, cold 
water fisheries, or wetlands.  Proper maintenance of these ponds is also vital to the pond meeting 
its performance rating as a BMP.  If not properly maintained, thermal stratification and anoxic 
conditions may occur in deeper ponds.  This could cause dissolved oxygen levels to decrease and 
fish kills to occur.  Another major concern with these ponds is the accumulation of sediments in 
the pond.  This limits the pond’s storage capacity and sediment should be removed every 2 – 5 
years.  This can be an expensive measure due to both labor and disposal costs (USEPA 1999).   
The cost of constructing a wet stormwater pond can range from $17.50 to $35.00 per 
cubic meter of storage area (CWP 1998).  This cost includes permits, design and construction 
and maintenance costs.  The annual maintenance costs can be estimated as 3% to 5% of the 
construction costs (USEPA 1999). 
The USEPA’s Stormwater Technology Fact Sheet on Wet Detention Ponds discusses 
removal efficiencies based on two studies: Schueler (1992) and Hartigan (1988).  The percent 
removal varied with each study but findings from Hartigan (1988) were within the ranges of 
findings from Schueler (1992); Scheuler (1992) had a larger variation than Hartigan (1988).  
Scheuler found that TSS removal was between 50 and 90 percent, whereas Hartigan found that 
TSS removal was typically higher at 80 to 90 percent.  Results on soluble nutrients ranged from 
40 to 80 percent in Schueler’s paper and 50 to 70 percent in Hartigan’s studies.  Schueler (1992) 
also looked at TP (30 to 90 percent), lead (70 to 80 percent) and zinc (40 to 50 percent) (USEPA 
1999).   
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Although percent removal is a common way to look at overall efficiency, sometimes 
specific parameters should be analyzed more thoroughly to determine if there is a problem within 
the system.  Vollertsen et al. (2009) looked at the efficiency of a wet detention pond and found 
that the turbidity of the pond water increased during storm events and slowly decreased during 
the following dry weather periods.  It was unclear whether the increases in turbidity during the 
storm events were caused by the incoming stormwater, by resuspension of bottom sediments or 
by a combination of both (Vollertsen et al. 2009). 
Different features of a BMP can have varying effects on specific parameters.  A wet pond 
with a sand filter and sorption filter was found to be very efficient at removing nitrogen and 
phosphorus.  When breaking down each element of the design, it was found that phosphorus 
reduction was very dependent on the sorption filters but the filters only had a minor role in 
reducing nitrogen concentrations (Vollertsen et al. 2009).  
 
2.3.3 Constructed wetlands 
Constructed wetlands can provide an inexpensive and easily managed means of removing 
5-day biochemical oxygen demand, particulates, nutrients and bacteria from domestic 
wastewater (Walker & Hurl 2002; Dupoldt et al. 1994; Wu et al. 2010).  Constructed wetlands 
can be used to treat different types of discharges including urban runoff, municipal, industrial, 
agricultural and acid mine drainage (Wu et al. 2010).  Some systems have focused on 
maximizing the amount of wastewater treated on the smallest amount of land possible while 
others have focused on polishing pretreated effluents with larger wetlands that provide wildlife 
habitat and aesthetics in addition to improving water quality (Dupoldt et al. 1994). 
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Constructed wetlands are highly effective at removing TSS and bacteria via 
sedimentation and filtration.  Most researchers focus on the fine sediment removal which can 
generally be explained by sedimentation (Walker & Hurl 2002).  Kao et al. (2001) found that 
60% of suspended solids could be removed before discharge using a constructed wetland.  
Removal of nutrients is more variable.  The significant removal mechanism for nutrients is plant 
uptake.  Removal of nitrogen is dependent upon the system design, retention time, and oxygen 
available for nitrification.  Phosphorus removal also varies, with its primary removal mechanism 
being adsorption.  Removal may be limited in the long-term, although good removal may be seen 
during the first several years.  Removal of metals is also primarily from adsorption.  Adsorption 
is promoted by the large amount of surface area provided by the sediments, vegetation, soils, and 
litter (Dupoldt et al. 1994).       
 When properly designed, constructed wetlands offer a number of advantages including 
low cost, simplicity of operation, and effective removal of BOD and TSS.  When sized 
appropriately, constructed wetlands can tolerate fluctuating flows and variable water quality.  
Some limitations also exist.  Compared to other BMPs, constructed wetlands require a large 
amount of land and a degree of uncertainty because of environmental conditions not found in 
more conventional approaches.  A constructed wetland is attempting to create a natural process 
artificially which can sometimes be difficult if not impossible.  Additionally, there is a potential 
for mosquito production.  Some factors that should be considered for properly designing 
constructed wetlands include having adequate pretreatment, adequate retention time, 
supplemental water and proper management (Dupoldt et al. 1994).   
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2.3.4  Conveyance and open channels 
Dry and wet swales (also referred to as vegetated open channels, water quality swales, or 
enhanced swales) are conveyance channels engineered to capture and treat the water quality 
volume for a drainage area.  Dry and wet swales are designed with limited longitudinal slopes to 
force the flow to be slow and shallow; this allows particulates to settle and limits the effects of 
erosion.  Although these can be useful for small storm events, swales may not be the best 
solution for larger storm events because they are slow flowing and shallow so they can become 
filled with water more quickly than other SMPs like a retention pond.  Berms and/or check dams 
installed perpendicular to the flow path allow settling and infiltration.  
According to the Georgia Stormwater Management Manual, which Iowa used to help 
develop its Stormwater Management Manual, dry and wet swales are highly effective at 
removing metals and suspended solids but not as efficient at removing N and P (Table 2.1).   
 
  Low  Medium High 
  Suspended Solids       
 
Low = <30% 
Nitrogen       
 
Medium = 30 - 65%
Phosphorus       
 
High = 65 - 100% 
Metals       
  Table 2.1 Removal efficiency of swales (Iowa Stormwater Management Manual 2009) 
Dry swales (also called bio-swales) are a type of open vegetated channel.  Swales are 
used to treat and temporarily retain or slow down the discharge of stormwater runoff.  The 
channel also acts as a conveyance to move excess stormwater to a discharge point downstream.  
Wet swales are vegetated channels designed to retain water or marshy conditions that support 
wetland vegetation.  Wet swales are intended for areas that have a high water table or poorly-
drained soil.  
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Swales are typically used to manage runoff from residential sites, parking areas, and 
along the perimeter of paved roadways.  Like all other SMP’s, there are advantages and 
disadvantages of using swales (Iowa Stormwater Management Manual 2009):  
Advantages:  
• Mitigate runoff from impervious surfaces.  
• Remove sediment and pollutants to improve water quality.  
• Reduce runoff rate and volume in highly impervious areas; reduce runoff velocity.  
• Provide for groundwater recharge if design and site soils provide sufficient infiltration.  
• Good retrofit opportunities for residential or institutional areas of low to moderate density.  
• Linear configuration works well with highway or residential street applications.  
Disadvantages:  
• Sediment/pollutant removal sensitive to proper design of slope and maintaining sufficient 
vegetation density.  
• Limited to small areas (<5 acres); cannot be used on steep slopes (>6%).  
• Higher maintenance than curb and gutter systems.  
• Possible re-suspension of sediment.  
BMPs and SMPs are becoming more commonly used across the world.  These practices 
can be highly effective with the right design for climate, hydraulic conditions, and environment.  
However, agencies need to be more aware of differences in regions when implementing these 
practices; something that may work in one location may not work at all in another location 
because of various factors such as annual rainfall, rainfall intensities, type of precipitation (snow 
or rain), gradient of land and/or land use.  Sometimes more than one BMP is incorporated such 
as lining the perimeter of a wet stormwater retention pond with wetland areas to aid in pollutant 
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removal (USEPA 1999).  This makes the control of stormwater pollutants more effective but also 
makes results difficult to compare to other BMPs.  Many different groups of researchers have 
found different values for pollutant removal capabilities and more comprehensive studies are 
needed to assess the overall efficiency of these various methods.  
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3.  Methodology 
3.1. Description of the Field Area 
3.1.1 City of Buffalo 
 The study area is located on the Buffalo State Campus in Buffalo, New York which is in 
Erie County.  Buffalo is a city experiencing suburban sprawl.  The population of the city of 
Buffalo steadily increased from 1810 to 1950 when it reached its highest recorded population of 
over 580,000.  By 1950 the city was urbanized with many buildings, roads, buildings and 
factories.  When personal automobiles became a common asset, more people chose to live 
outside of the city causing other areas to become more urbanized.  From 1950 to the current year, 
the population of Buffalo has been steadily decreasing with an estimated 2009 population of 
about 270,000 (less than half its population in 1950) (Figure 3.1) (US Census Bureau 2010).  The 
city population is expected to continue to decrease while the populations of the suburbs continue 
to grow.  Buffalo is an urbanized city within an increasingly urbanized region (Figure 3.2). 
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Census 
1810 
1820 
1830 
1840 
1850 
1860 
1870 117,714
1880 155,134
1890 255,664
1900 352,387
1910 423,715
1920 506,775
1930 573,076
1940 575,901
1950 580,132
1960 532,759
1970 462,768
1980 357,870
1990 328,123
2000 292,648
Est. 2009 270,240
Pop. %± 
1,508 — 
2,095 38.90% 
8,668 313.70% 
18,213 110.10% 
42,261 132.00% 
81,129 92.00% 
 45.10% 
 31.80% 
 64.80% 
 37.80% 
 20.20% 
 19.60% 
 13.10% 
 0.50% 
 0.70% 
 −8.2% 
 −13.1% 
 −22.7% 
 −8.3% 
 −10.8% 
 −7.7% 
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Figure 3.2: Map showing the location of Buffalo within Erie County.  
http://joeplanner.blogspot.com/2010/02/sprawl-and-r-word-buffalo-niagara-case.html.  
 
Buffalo has a humid, continental-type climate.  Winters are cold, cloudy, and snowy.  
The Great Lakes have a direct effect on climate in this region especially during winter months 
when a phenomenon called lake effect snow occurs in the area.  Lake effect snow can account 
for 50% of total snowfall in the region (Buffalo’s Climate 2006).  The water of the Great Lakes 
is relatively warm in the fall and can often create convective instability in a region that would 
otherwise be stable.  These lake effect snows are mesoscale, convective precipitation events that 
typically develop downwind of the Great Lakes usually during the late fall and winter months.  
Sometimes, the combination of long, overwater fetch and strong winds will cause well-aligned, 
narrow bands of snow to spread considerable distances inland (Niziol et al. 1995).  Areas to the 
south of Buffalo (i.e. Hamburg, Angola, Orchard Park) are more likely to receive higher volumes 
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of snow than those areas to the north of Buffalo (i.e. Tonawanda, Niagara, Niagara Falls).  
Spring starts late in Buffalo; it is not uncommon for Lake Erie to still be frozen up until May 
(Buffalo’s Climate 2006).  Areas near the lake can be 20º F colder than those areas inland 
(Buffalo’s Climate 2006).  Overall, Buffalo has the sunniest and driest summer of any major city 
in the northeast but with enough rain to keep vegetation green and thriving.  Summers in Buffalo 
are warm, sunny, and moderately humid.  Rainfall is sufficient for crops, but typically peaks 
overnight so it does not affect outdoor events.  The lake modifies the extreme heat that comes 
from the Ohio Valley.  As the lake warms up at the end of spring, it loses its modifying 
capabilities.  Nevertheless, it is still cooler near the lake even in summer.  By the end of August, 
weather is typically wetter and more humid.  Fall is short and typically cloudy.  Snow usually 
starts in November, but is sporadic until around January.  However, some of the most costly 
snow storms have occurred during the fall season because of the lake effect snow (Buffalo’s 
Climate 2006).  
As mentioned previously, precipitation can fall as rain or snow.  The following data 
comes from the National Weather Service’s website for Buffalo from 2000 – 2009 
(www.wbuf.noaa.gov/.)  The annual precipitation ranged from 35.1 inches (89.2 cm) to 47.3 
inches with an average of 40.6 inches (Figure 3.3).  The monthly precipitation varies, with the 
average precipitation being the greatest in September through December, was highest in 
December and the lowest in February.  Figure 3.6 shows average temperatures by month and 
both December and February have average temperatures below freezing (32º F).  The average 
precipitation ranged from 2.5 inches to 4.5 inches for these months (Figure 3.6).  The average 
annual temperatures ranged from 47º F to 50.6º F with an average of 48.6º F (Figure 3.5).  The 
average monthly temperatures ranged from 25.4º F in January to 70.6º F in July (Figure 3.6).  
49 
 
This is a large range of 45.2º F for the year.  Figure 3.6 indicates that Buffalo experiences 4 
distinct seasons (winter, spring, summer and fall) with the highest temperatures in the summer 
(June, July, August), the lowest temperatures in the winter (December, January, February) and 
moderate averages for fall (September, October, November) and spring (March, April, May).  
For winter, the average temperature was 27.2º F.  The average temperature for spring and fall 
was moderate; spring was 45.6º F and fall was 52.4º F.  Summer temperatures were the highest at 
69.2º F.   
 
Figure 3.3 Average annual precipitation for Buffalo, NY  
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Figure 3.4 Average monthly precipitation for Buffalo, NY  
 
Figure 3.5 Average annual temperatures for Buffalo, NY 
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Figure 3.6 Average monthly temperatures for Buffalo, NY 
3.1.2 Buffalo State campus study area 
The study area is located on the Buffalo State campus shown in Figure 3.7.  Buffalo State  
held its first classes in 1871when it was called the Buffalo Normal School.  The sole purpose of 
the school was to train teachers to help accommodate Buffalo's fast-growing student population 
in the public schools.  The original location of the campus was a single 3 story building on Jersey 
Avenue and what is now Normal Avenue (on the west side of Buffalo).  In the late 1880's, 
enrollment was growing and an additional building was constructed to serve as a science 
building.  In the 1900's high school graduation became a requirement for admission to the newly 
named State Normal School.  In the 1910's classes were moved to a new location on Normal 
Avenue which is now Grover Cleveland High School.  With more increases in admission, an art 
degree and home economics program also were developed.  By 1928, the name of the institution 
changed to the State Teachers College at Buffalo and was accredited by the American 
Association of Teachers Colleges.  It was expected that the building on Normal Avenue would 
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accommodate the college until 1964 however, the campus soon became too small for the 
growing student body (A History of Buffalo State 2011).   
By 1931 students and faculty moved to the new, 5 building campus on Elmwood Avenue.  
In the 1940's, the Exceptional Education Department was founded and a master of science in 
education degree was now offered.  The institution was now called the New York State College 
for Teachers at Buffalo and it received a $1 million state allotment to construct additional 
buildings on the campus.  In addition, the first dormitories were built.  By 1947 the Art 
Education Department was the largest in the United States and in 1948 the State University of 
New York was formed.  In the early 1950's, the college became the largest teachers college in the 
state with a full time enrollment of 2033 students.  In the 1960's state teachers colleges were 
converted to liberal arts colleges and the name of the institution was changed to the State 
University College of Education at Buffalo.  In 1966, the college acquired a 7.9 acre site at the 
foot of Porter Avenue for a freshwater field station.  In 1972, a record of 2,792 students received 
degrees at commencement.  In the 1980's enrollment continued to increase and other programs 
and departments were developed.  By the late 1990's The Frank C. Moore Student Apartment 
Complex opened in a fully renovated former dormitory.  The on-campus facility included family 
units for students with children. In 2001, a state-of-the-art enrollment management center opened 
in the fully renovated and expanded Moot Hall, consolidating student admissions, registration, 
and financial services.  The renovation project cost $5.6 million and the $3.7 million, 16,000 
square-foot Barnes & Noble at Buffalo State Bookstore opened in a new wing of the Campbell 
Student Union.  By 2008, the college had completed the construction of the new $33 million 
Burchfield Penney Art Center (which in 2009, was the first art museum to earn the Leadership in 
Energy and Environmental Design (LEED) Program Silver certification from the U.S. Green 
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Building Council (USBGC); this same year Coyer Field received $1 million to upgrade to 
artificial playing surface.  In 2009, more than 2,500 students received baccalaureate degrees.  By 
2010, the campus was 125 acres and offered more than 150 undergraduate academic programs, 
educating over 11,000 undergraduate and graduate students each year.  Many grants were 
received in the 2000's that created additional education opportunities for students, many new 
programs and certifications, and also the construction of many buildings.  Buffalo State  has 
embarked on an ambitious roster of capital projects that will result in nearly $350 million of new 
projects and improvements to the campus by 2014 (A History of Buffalo State 2011).   
 Many changes have been proposed for the Buffalo State campus over the next 20 years.  
These changes will affect drainage for the campus as well as stormwater quality and quantity.  
The New York State University Construction Fund (SUCF) developed a Facilities Master Plan to 
assess the needs and identify proposed future capital projects at each State University of New 
York (SUNY) campus.  The master plan is for a 10 year period; preparation for this master plan 
began in June 2009 and the 10 year period that will be shown and discussed is for 2013 to 2023.  
The plan provides criteria and guidelines for improvements on the campus by identifying 
opportunities to enhance, maintain and improve the built environment.  This plan considers 
current and future campus program uses to identify strategies for demolition, rehabilitation, 
modernization, conversion, expansion, and new construction (Flynn et al. 2010).   
 Some of the general goals of the plan are to renew campus facilities (upgrade aging 
systems, replace worn finishes, etc.), strengthen the quality of the campus experience indoors 
and outdoors (enhancements to campus open spaces and paths, additional campus life space, etc.) 
and engage the communities around the campus by converting the neighborhood facing edges 
into more welcoming gateways into the college campus.  New landscape development is 
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proposed to help with this aspect of the plan by introducing more greenery into the already 
heavily developed city and to create a more aesthetically pleasing vision of the campus (Flynn et 
al. 2010).  In addition, this will reduce runoff by including more pervious land area. 
 
Figure 3.7 Landscape improvements from Facilities Master Plan 
Directly from the Facilities Master Plan, specific key projects are identified which are listed in 
the following. 
INVESTMENTS IN ACADEMIC AND CAMPUS LIFE FACILITIES 
RENOVATION OF 14 BUILDINGS to upgrade instructional spaces, finishes, and systems in 
support of programmatic needs and current pedagogy. Will also serve to consolidate now-
dispersed departments, schools and functions. 
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• Renovation of nine academic buildings (Bacon Hall, Bulger Communication Center, 
Butler Library, Caudell Hall, the Classroom Building, Ketchum Hall, Rockwell Hall, 
the Donald Savage Theater Arts Building, and Upton Hall) 
• Renovation of Buckham Campus School for use as surge space during upgrade of 
academic buildings 
• Conversion of Twin Rise-South Wing back to a residence hall 
• Renovation of Campbell Student Union to enable both comprehensive 
modernization/upgrade as well as reprogramming in conjunction with the new Campus Life 
Building; would build on much smaller renovation project planned for the 2008–2013 
capital cycle 
• Conversion of Twin Rise-Center and the former Moore Dining Hall back to campus life 
space 
BACON HALL ADDITION 
Enables co-location of all departments and administrative functions within the School of 
Education – which is now dispersed across multiple buildings – in a single campus location that 
will continue to include classroom and support spaces. 
NEW CAMPUS LIFE BUILDING 
Will address the College’s need for additional “Campus Center” space (e.g., space for activities, 
events, organizations as well as lounge and study space) and for a consolidated and expanded 
“Student Support Center” that co-locates University College and other student support services 
in more suitable space, proximate to student amenities. The new Campus Life Building will 
provide the College’s first active front along Rockwell Road, facing the Richardson Olmsted 
Complex. 
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NEW BUSINESS & COMMUNITY ENGAGEMENT BUILDING 
Will consolidate community-oriented campus functions, now dispersed across the campus, and 
provide space suitable for major events (e.g., conferences, alumni dinners). Sited at Grant Street 
along the East-West Spine, the building will bring additional activity to the western end of the 
campus and strengthen this area as an emerging campus hub. 
NEW FACILITIES AT THE GREAT LAKES CENTER ON PORTER AVE 
Will provide additional space to serve the research needs of the Great Lakes Center, and address 
possible structural deficiencies associated with existing facilities. 
NEW STADIUM (2,500 seats) WITH TWO LEVELS OF PARKING BELOW (800 spaces) 
Will address the need for additional recreation and athletics space while retaining parking within 
a key area. Sited north of Houston Gym, in alignment with the Buffalo State Stadium Study. 
With the addition of the Stadium, the northwest quadrant of the campus will be strengthened as 
an athletics and recreation precinct. Because of sloping terrain, the parking will be accessible at-
grade from Iroquois Drive. 
POTENTIAL NEW STUDENT HOUSING 
Will address demand for additional on-campus student housing.  Number of units and unit types 
to be determined through development of housing master plan.  Potential locations include 
current site of Bishop Hall and land along the west side of Grant Street.  Renovation of Twin 
Rise –South Wing back to student suites is recommended. 
INVESTMENT IN CAMPUS SUPPORT FACILITIES 
NEW CAMPUS OPERATIONS CENTER 
(Maintenance & Facilities Offices/University Police Department/Central Receiving, as well as 
Computing & Technology Services [CTS] and possibly SUNY’s Information Technology 
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Exchange Center [ITEC]): Will provide a consolidated home and more appropriate space for 
campus operations functions now dispersed across multiple buildings. Sited west of Dart Street 
on the Buffalo Structural Steel site, the facility will significantly reduce the presence of large 
service trucks within the core of campus. Could enable demolition of the Clinton Center and 
subsequent landscape restoration by the Richardson Corporation south of Rockwell Road, as 
described in the Richardson Olmsted Complex Master Plan. Will also enable conversion of Twin 
Rise – Center back to campus life space.  Help desk functions for CTS would remain within 
Butler Library. Co-location of ITEC with CTS dependent on SUNY funding. 
NEW EAST PARKING GARAGE (180-360 spaces) 
Will provide additional parking to meet campus demand as enrollment grows and as parking lots 
become sites for new buildings or for staging renovation projects. Sited east of Butler Library, 
the garage will serve the existing academic core and help serve the parking need generated by 
events in Rockwell Hall, Upton Hall, and the Burchfield Penney. 
NEW WEST PARKING GARAGE (500-600 spaces) 
Will provide additional parking to meet campus demand as enrollment grows and as parking lots 
become sites for new buildings or for staging for renovation projects. Sited west of Grant Street, 
close to current and planned NYS 198 access points and at the terminus of the East-West Spine. 
Facility would also provide a ground floor satellite office for the University Police Department. 
SATELLITE BOILER PLANT 
Would replace the existing Power Plant, now at the end of its useful life. Pending outcome of 
study investigating centralized vs. decentralized power generation for the campus, the College 
will demolish existing Power Plant and construct either a replacement plant or satellite boilers 
within campus buildings. 
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INVESTMENT IN LANDSCAPES, GATEWAYS & PATHS 
CONSTRUCTION OF PEDESTRIAN BRIDGE BETWEEN CAMPUS AND BLACK 
ROCK NEIGHBORHOOD 
Will provide a much-desired pedestrian connection between the campus and destinations just 
across the expressway, including trails, recreation facilities, stores and residential neighborhoods. 
NEW QUADRANGLE, GATEWAY, AND PEDESTRIAN CIRCULATION 
IMPROVEMENTS 
Will enhance the outdoor environment, the arrival experience, and walkability. Includes: 
• New Campus Quadrangle framed by the Technology Building and the new Campus Life 
Building, with strong connections to Campbell Student Union as well as to Rockwell Road 
and the Richardson Olmsted Complex 
• Gateway improvements at Grant Street, Elmwood Avenue and Rockwell Road 
• Enhancements to the East-West Campus Spine, the primary pedestrian route linking facilities 
along the length of the campus 
• Improvements to pedestrian environment and safety at the Campbell Student Union loading 
dock area and in other areas where sidewalks and other pedestrian amenities are lacking 
ENHANCED EDGES/ CONNECTIONS ALONG SOON-TO-BE-ACQUIRED LAND 
WEST OF GRANT STREET 
Will include edge enhancements and access points along the Scajaquada Creek, on land that is 
now industrial. Calls for potential connection of Letchworth Street to NYS 198, as part of 
highway upgrade project. 
STRATEGIC DEMOLITION OF OUTMODED BUILDINGS 
WEIGEL HALL, CHASE HALL, BISHOP HALL AND CAUDELL ANNEX 
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Will enable removal of outmoded buildings once occupants have been relocated to more suitable 
space alongside related functions. In addition, demolition of Weigel and Chase provides a 
strategic functional need of connecting the east-west spine to the new Campus Quadrangle and 
Perry Quad. 
• Existing Power Plant: Will be replaced by new Power Plant or satellite boilers, pending 
outcome of campus study. 
• Buildings located at the Buffalo Police Impound Site: Will enable construction of the 
Campus Operations Center and remediation of this former industrial site once acquired. 
LONG-TERM OPPORTUNITIES 
POTENTIAL USE OF RICHARDSON OLMSTED COMPLEX (R.O.C.)  BUILDINGS 
9,12 AND 13 
Would accommodate College functions that do not need to be within the campus core and/or that 
would benefit from proximity to uses in the Richardson Complex. Although space needs 
identified within this Facilities Master Plan assessment are better served through provision of 
space within the Buffalo State College campus, these R.O.C. buildings may be optimal for 
accommodating future campus needs. R.O.C. buildings could also accommodate, potentially 
within the timeframe of this master plan, non-College functions currently housed on the Buffalo 
State campus (e.g., ITEC), provided a funding source was available. Potential use of Buildings 9, 
12, and 13 for College functions is called for in the Richardson Olmsted Complex Master Plan. 
REDEVELOPMENT OF BUCKHAM CAMPUS SCHOOL SITE FOR ACADEMIC AND/ 
OR HOUSING EXPANSION 
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Following renovation of academic buildings for which Buckham will provide surge space, 
demolition of this building, designed as a primary school, would provide a core campus site for 
academic and/or housing expansion. 
DEVELOPMENT OF LAND WEST OF GRANT STREET FOR ACADEMIC, CAMPUS 
LIFE AND/ OR HOUSING EXPANSION 
Would transform surface parking lots into core campus facilities, and the Buffalo State College 
campus would extend from Elwood Avenue west to the Scajaquada Creek. 
Figure 3.8 shows a broad vision of what changes are predicted to be made by 2023; it should also 
be noted that in this projected time period it is expected that the student population will increase 
by 20% (Flynn et al. 2010).   
 
Figure 3.8 Facilities Master Plan (Flynn et al. 2010) 
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3.1.3  Stormwater detention pond 
 The student quad and Bulger plaza were extensively renovated beginning in the spring of 
2009 and continuing through to the fall of 2010.  This renovation included replacing sanitary 
sewers, storm drainage, water lines and paving several areas.  The area to be altered was 2.3 
acres of impervious area and about 0.3 acres of pervious area (Watts Architecture and 
Engineering, P.C. 2009).  
 With construction in the student quad area and Bulger plaza, a Stormwater Pollution 
Prevention Plan (SWPPP) was developed to obtain a permit to discharge stormwater during 
construction.  This construction caused soil disturbance of at least one acre of land, which 
requires that a permit be obtained from NYSDEC.  The permit obtained is a State Pollutant 
Discharge Elimination System (SPDES) permit for discharge of stormwater during construction 
activities.  This site's permit number is GP-0-08-001 (Watts Architecture and Engineering, P.C. 
2009).   
 The SWPPP must cover temporary erosion and sedimentation control measures during 
construction as well as a plan for permanent stormwater management measures after construction 
for both water quality and quantity.  There are several ways to manage both water quality and 
quantity post construction and this site had sufficient land area for construction of a standard 
permanent Stormwater Management Practice for the full required water quality volume.  The 
SMP that was chosen was developed based on standards outlined in NYSDEC's New York State 
Stormwater Design Manual (Watts Architecture and Engineering, P.C. 2009).   
 The SMP selected was based on the pre-construction area being 2.3 acres of impervious 
surfaces and 0.3 acres of pervious surfaces to post-construction area of 2.2 acres of impervious 
surfaces and 0.2 acres of pervious surfaces.  This causes a slight decrease in pervious area and a 
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slight decrease in impervious area which theoretically would yield less stormwater runoff post-
construction then pre-construction; 89% impervious area pre-construction and 83% impervious 
area post construction (as a percent of the total drainage area).  The permanent objectives of the 
SMP are to capture the stormwater runoff from the project area and provide treatment for the 
water quality volume and secondly to provide regulation of the peak discharge for 1 year, 10 
year, and 100 year floods in order to drastically reduce flooding that may occur in the receiving 
water body during these large storm events (Watts Architecture and Engineering, P.C. 2009).   
 The SMP chosen was designed to meet the permanent stormwater management 
objectives.  It was designed to treat a water quality volume of 6378 cubic feet.  According to the 
NYS Stormwater Design Manual the SMP chosen will capture and treat 90% of the average 
annual stormwater runoff volume.  The SMP has three basic components: a flow splitting 
manhole, a pretreatment basin, and a surface sand filter (Watts Architecture and Engineering, 
P.C. 2009).     
The flow splitting manhole is designed to regulate the required water quality flow rate 
into the pretreatment basin with the excess to be diverted over a steel weir and directly 
discharged into the receiving water body, Scajaquada Creek (Figure 3.9).  The pretreatment basin 
is upstream of the surface sand filter and has an 820 square foot interior.  The discharge from the 
basin goes through a 6 inch pipe to the surface sand filter.  The sand filter is spread across an 
area of 844 square feet, the filter media consists of particles with an effective grain size of 0.02 
inches to 0.04 inches, 18 inches thick.  The design permeability of the sand is 3.5 feet per day.  
The perforated underdrain pipe will take the treated stormwater to the discharge location.  On top 
of the sand filter is geotextile separation fabric, topsoil, and drought and flood tolerant grass sod 
(Watts Architecture and Engineering, P.C. 2009).   
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The location of the pretreatment basin (stormwater detention pond) is shown in Figure 
3.10.  It is located between the border of the Buffalo State campus on Iroquois Drive and Rt. 198.  
There is a parking lot southeast of the detention pond.   
Scajaquada Creek watershed is a 29 square mile urbanized sub-watershed of the Lake 
Ontario basin, and a tributary of the Niagara River.  Scajaquada Creek and many of its tributaries 
have been channelized through developed areas.  The main channel of Scajaquada Creek is 
routed through underground tunnels in three sections and in particular flows underground from 
the border between Buffalo and Cheektowaga, day lighting at Forest Lawn Cemetery.  Because 
Scajaquada Creek is located in a heavily developed area and has been highly manipulated, water 
quality, hydrologic regime, wildlife habitat and overall stream health have been severely 
degraded.  Additionally, permitted and unpermitted storm sewer discharges, State Pollutant 
Discharge Elimination System (SPDES) permitted discharges and debris dumped into the stream 
are also contributing to the poor health of the creek (Erie County Soil and Water Conservation 
District 2002). 
More than 90,000 people live within the Scajaquada Creek Watershed in five local 
municipalities: City of Buffalo, Town of Cheektowaga, Village of Depew, Town of Lancaster 
and a small portion of the Village of Lancaster.  Land use in the watershed varies, it is 
approximately 65% residential, 10% commercial/retail, 10% industrial, 10% open space (parks, 
cemeteries and vacant land) and 5% schools and hospitals.  The Scajaquada Creek Watershed 
contains two local colleges: Buffalo State College, Canisius College; as well as the Buffalo-
Niagara International Airport. The creek flows through Forest Lawn Cemetery and Delaware 
Park—the largest Frederick Law Olmsted Park in Buffalo, as well as underneath Walden 
Galleria Mall.  The narrow riparian corridor along Scajaquada Creek is one of the few naturally 
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green areas in this densely developed urban watershed (Erie County Soil and Water 
Conservation District 2002).   
 
 
Figure 3.9 Scajaquada Creek (Erie County Soil and Water Conservation District 2002) 
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Figure 3.10 Buffalo State campus  
3.2  Field Methods 
3.2.1  Sampling locations 
Samples were collected at an inlet to the detention pond (Figure 3.11), the center of the 
detention pond, and in the discharge pipe to Scajaquada Creek (after the water has gone through 
the sand filtration system).  The inlet pipe that was sampled was pipe #1 shown in Figure 3.11.  
This is the pipe that drains Iroquois Drive.  Samples were not taken from the inlet pipe #2 
because it quickly became submerged during a storm event.  Inlet pipe #2 is the pipe that drains 
the student quad area.  There is a manhole approximately 2 feet out of the range of this 
photograph that inlet pipe #2 comes from.  In this manhole is a weir and during small storm 
Location of stormwater 
detention pond 
 
Student 
quad 
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events the flow simply goes into the detention pond (pipe #2).  However, to maximize drainage 
of the student quad area during larger storm events, part of the flow is diverted into the pond the 
same way it is during small rain events, but the excess stormwater goes over the weir and 
directly into the outlet without being treated.  During low flow events the quality samples taken 
in the pond would capture this flow, however, during high flow events, the pond is bypassed and 
comes out of a different pipe to the outlet which is not sampled for quality.  The design of this 
system always allows this flow to be measured for quantity, and this is frequently causes the 
peak flows.  This weir was designed by regulation for the filter and detention pond based on the 
New York State Department of Environmental Conservation (NYSDEC) Stormwater Design 
Manual.  The system is designed to handle a rainfall event of 0.85 inches in 24 hours.  The 
purpose of the weir is to divert the excess stormwater out of the system and directly to 
Scajaquada Creek in order to allow the pond and sand filter to work properly.   
When a high enough volume of water was retained in the pond to sample without 
disturbing the bottom sediments, a sample was taken.  The pond water represents the flow from 
inlet pipe #1 and inlet pipe #2.  The flow that was diverted over the weir, directly to the outlet, 
was never sampled. 
The last location samples were taken was at the outlet.  This is the discharge point for the 
campus stormwater and should theoretically be of the best water quality of the three sampling 
locations.  The system was designed by the NYSDEC's Stormwater Design Manual to remove 
80% of TSS and 40% of nitrates.  
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Figure 3.11 Inlet pipes and location where pond was sampled  
Figure 3.12 shows the location of the sand filtration system, the inlet pipe and the 
detention pond.  In the upper right hand corner is the parking lot shown on the aerial photograph 
and Rt. 198 can also be seen in the back of the picture.  The outlet manhole for the discharge to 
Scajaquada Creek is approximately 1 foot to the left of the sampling equipment seen in Figure 
3.12. 
Inlet Pipe #1 
Inlet Pipe #2 
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Figure 3.12 Pond and sand filtration system 
All samples were collected as physical grabs with a dipper then poured into 1000 mL 
amber bottles or plastic bottles.  The bottles and dipper were cleaned in the lab prior to use with 
hot water.  In the field, dipper was rinsed two times with the stormwater to condition it prior to 
the final sample collection.  Samples were labeled and placed in a cooler with ice until analysis 
was performed.  For the samples sent to Waste Stream Technologies, certified clean, new bottles 
were provided.  
 
 
 
Sand Filtration 
Sampled Inlet Pipe 
Detention Pond 
Rt. 198 
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3.2.2   Flow 
 In 2007 a Sigma 910 area-velocity flow meter was installed by TECSmith at the outlet to 
Scajaquada Creek to measure flow velocity.  TECSmith did the installation and the initial set up 
of InSight to download the data.  Bill Maryniewski downloaded and maintained the data weekly.  
In 2010, the plumbing department at Buffalo State set up a Sigma 910 area-velocity flow meter 
at the same outlet location to measure flow (Figure 3.13).  The maintenance team installed the 
meter and Dr. Kim Irvine and graduate students set up Insight to download and maintain the 
data.  Flow data was downloaded with a laptop weekly.     
 
Figure 3.13 Installation of flowmeter 
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3.2.3 Rainfall 
 Rainfall data was obtained from a Davis Instruments Vantage Pro Tipping Bucket 
raingauge located on the roof of the Classroom Building at Buffalo State (Figure 3.14).  
According to the manufacturer, the rain gauge is designed to meet the standards of the World 
Meteorological Organization.  The gauge functions by rain entering the collection funnel then 
passing through a filter, then collects on one side of the twin bucket.  When one side of the 
bucket is full (0.1” rainfall), the bucket tips and empties, exposing the other side of the bucket.  
Each tip causes a switch closure and the tip is recorded using Davis Instruments Weatherlink 
5.3.1 software.  The rainwater drains out through the bottom of the unit (Rain Gauge: Tipping 
Bucket 2010).  Data is managed by Dr. Stephen Vermette of the Geography and Planning 
Department.          
 
Figure 3.14 Rain gauge (Photograph provided by Dr. Stephen Vermette) 
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3.3   Laboratory Methodology 
3.3.1   E. coli 
For E. coli analysis, a sterile pipet was used to extract 1 mL of water from the sample 
bottle in the field.  The 1 mL of water was mixed with Coliscan Easygel media in the field.  
When returning to the lab, the sample mixed with the Easygel media was poured into a coated 
petri-dish.  The coated petri-dish  
contains a sugar linked to a dye which, when acted on by the enzyme ß-galactosidase 
(produced by coliforms including E. coli), turns the colony a pink color. Similarly, there is a 
second sugar linked to a different dye which produces a blue-green color when acted on by 
the enzyme ß-glucuronidase. Because E. coli produces both ß-galactosidase and ß-
glucuronidase, E. coli colonies grow with a purple color (pink + blue) (Micrology 
Laboratories 2009). 
The sample sat at room temperature for 48 hours.  After the 48 hours, purple colonies were 
counted and recorded as colony forming units per 100 mL.   
3.3.2   Total Suspended Solids (TSS) 
Prior to analysis, plain white 0.45 µm membrane filters were placed in a desiccator in 
unsealed petri dishes to remove moisture.  The filters were then weighed in milligrams to 
determine a tare weight and recorded on a lab sheet.   
The sample was filtered through a 0.45 µm filter paper using a vacuum seal to remove 
sediments.  The equipment used can be seen in Figure 3.15.  The filter was dried for 1 hour in an 
oven at 103°C (217.4° F) then put in a desiccator for a minimum of 15 to cool.  The filter was 
then weighed again after drying with the filtered sediment on the filter.  To obtain a 
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measurement for TSS the tare weight of the filter was subtracted from the recorded weight of the 
filter with the sediment and recorded as mg/ L.     
 
Figure 3.15 Filter and equipment for TSS analysis 
3.3.3  Total Phosphorus 
Total Phosphorus was analyzed using a multiparameter ion specific meter for laboratories 
from Hanna Instruments (HI 83200).  The accuracy of this instrument is +/- 0.3 mg/L.  The 
method is an adaptation of the Standard Methods for the Examination of Water and Wastewater 
(18th Edition), which is an amino acid method.  The reaction between phosphorus and the 
reagents causes a blue tint to the sample.   
A cuvet was filled with 10 mL of unreacted sample, capped and placed into the Hanna 
Instrument.  Program 33 was selected (Phosphorus), then “zero” was pressed to zero the sample.  
The machine read “SIP” and a few seconds later “0.0” was shown.  This zeroed the sample.  The 
cuvet was then removed and 10 drops of reagent A (93706A Molybdate reagent) and 1 packet of 
reagent B (93706B) was added.  The cuvet was capped and gently shaken until both reagents 
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were dissolved into the sample.  The sample was placed back into the Hanna Instrument and the 
“timer” button was pressed.  The display began to count down from 5 minutes then gave a 
reading in mg/L of phosphorus.   
3.3.4  Nitrates 
Nitrates were measured using the same instrument as total phosphorus (HI 83200).  The 
range this machine is capable of measuring is between 0.0 and 30.0 mg/L with an accuracy of +/- 
0.5 mg/L.  The method used is an adaptation of the cadmium reduction method.  The reaction 
between nitrate and the reagent causes an amber tint in the sample.  The cuvet was filled with 6 
mL of unreacted sample then placed in the Hanna Instrument to be “zeroed.”  Then the cuvet was 
taken out of the Hanna Instrument and the nitrate reactant was emptied into the cuvet.  The cuvet 
was then vigorously shaken for exactly 10 seconds then tipped from side to side for 50 seconds, 
then wiped off and put back in the Hanna Instrument.  The timer was pressed and counted down 
from 4 minutes and 30 seconds.  A reading was given in mg/L nitrogen/nitrate, and this value 
was multiplied by 4.43 to give a conversion factor for mg/L nitrate.  Measurements were 
recorded in mg/L nitrate.  
3.3.5  Oil and Grease      
Oil and grease analysis was performed by Waste Stream Technology at 302 Grote Street 
in Buffalo, New York using the EPA approved method 1664A with a detection limit of 5.0 
mg/L.  1000 mL amber colored glass bottles were provided by Waste Stream Technology for 
sampling.  The bottles contained 5 mL of sulfuric acid (H2SO4) for preservation.  
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3.3.6   Metals 
Metals analysis (lead and zinc) was also performed by Waste Stream Technology based 
on the EPA 6000-7000 series using an Atomic Adsorption Spectrophotometer (AAS).  For both 
Lead and Zinc, 250 mL plastic bottles were provided from Waste Stream Technology and each 
bottle contained a preservative; HNO3 for Lead and nitric acid for Zinc.  The method used to 
analyze Lead was the EPA approved method 200.7 with a detection limit of 0.015 mg/L.  The 
method used to analyze Zinc was the EPA approved method 200.7 with a detection limit of 0.013 
mg/L.      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
75 
 
4. Results and Discussion 
4.1  Water Quantity 
4.1.1  2007 Flow Data (pre-construction) 
Flow data were recorded every five minutes from 10/30/07 to 11/27/07 at the outlet as 
shown in Figure 4.1 
A hydrograph was made using all of the flow data recorded in 2007 (Figure 4.1).  
Looking at the hydrograph, there are three small peaks visible and six larger peaks.  The first 
small peak was a rain event on 11/01/07, the second small peak was on 11/06/07, after a larger 
event on 11/05/07.  The third small peak was on 11/26/07 just before a larger event on 11/27/07.  
The first large peak was on 11/06/07, second large peak was on 11/14/07, the third large peak 
was on 11/15/2007, the fourth large peak was on 11/20/07, the fifth large peak was 11/21/07 - 
11/22/07 and the sixth and final large peak was on 11/26/07 – 11/27/07.  Monitoring stopped at 
the end of the storm event when the meter was removed on 11/27/07. 
 
Figure 4.1 Hydrograph of 
The flow data were separated into
weather period was required for a day to be considered dry.  
rainfall.  Measurements were based
Campus’ Classroom Building.    
4.1.1.1 Storm Events 
The first storm event occurred between the evening of 10/31/07 and the early morning 
hours of 11/01/07 (Figure 4.2).  This was a small storm event of 0.08 inches; 
can still be seen in the flow data.  The average flow was
flow recorded was 0.039 cfs and the peak of the storm was 1.669 cfs.  There were tw
the data.  The daily flow volume 
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 dry days and storm events.  A 48 hour antecedent dry 
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on 10/31/07 between 0.05 cfs and 0.3 cfs, this is typical of dry weather flow and even a little 
lower than average.  The first peak occurs at 02:20 at 1.546 cfs then steadily decreases to 0.949 
cfs at 03:05.  Then the second peak occurs at 1.669 cfs at 03:20 on 11/1/2007.  After the peak the 
flow remains higher than average to the end of 11/01/07 ranging between 0.2 cfs and 0.5 cfs.   
 
Figure 4.2 Storm event hydrograph 10/30/07 – 11/02/07 
The second storm event occurred between 11/05/07 and 11/06/07 (Figure 4.3).  This was 
a larger storm event with a total of 0.35 inches of rainfall occurring between the two days.  The 
average flow was 0.68 cfs.  The minimum flow was 0.028 cfs and the peak flow was 6.292 cfs. 
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Figure 4.3 Storm event hydrograph 11/05/07 – 11/06/07 
The flow was graphed as a function of time from 11/05/07 at 18:05 to 11/06/07 at 2:05.  
This shows the baseflow at the beginning of the storm, the peak at 22:15 on 11/05/07 at 6.292 
cfs, and the decrease back to baseflow.  This hydrograph starts at 0.388 cfs and ends at 0.705 cfs 
(Figure 4.4).  The average flow rate was 1.809 cfs.  The average flow rate was taken for the first 
50 samples of 5 minutes (pre-peak average), the average flow rate was 1.788 cfs.  The same was 
done for the last 49 samples after the peak (post-peak average), the average flow rate was 1.738 
cfs.  The data was further broken into quarters.  The average flow rate of the first 25 samples 
times was 0.558 cfs which is relatively average dry weather flow.  The average flow rate of the 
second 25 sample times was 3.018 cfs which was the rise of flow up to the peak of 6.292 cfs.  
After the peak the third 25 samples were averaged and yielded 2.872 cfs.  The final 24 samples 
averaged 0.92 cfs which is higher than typical dry weather flow (Figure 4.5).      
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Figure 4.4 Storm event hydrograph 11/05/07 – 11/06/07 
 
Figure 4.5 Storm event bar graph 11/05/07 to 11/06/07  
The next storm event occurred on 11/14/07.  This was a small storm event, totaling 0.03 
inches, however, a large response was measured by the flow meter.  The average for the day was 
0.57 cfs.  The minimum flow recorded was 0.315 cfs and the peak flow was 4.361 cfs (Figure 
4.6).   
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Figure 4.6 Storm event hydrograph for 11/14/07 
The storm was graphed out from 12:20 to 14:45; a short storm event a total of 30 sample times 
were recorded during this period with an average of 1.403 cfs.  The first sample flow was 0.315 
cfs and the last sample flow was 1.12 cfs (Figure 4.7).  The pre peak average was 1.134 cfs while 
the post peak average was 1.48 cfs.  This is a similar pattern to the storm event on 11/05/07; the 
pre peak average was lower than the immediate post peak average.  The average of the first 8 
sample times was 0.558 cfs, the second 7 samples averaged 1.794 cfs.  The peak was 4.361 cfs; 
the average of the third 7 samples was 1.819 cfs and the last 7 samples averaged to 1.14 cfs.  
Although this storm event was smaller in rainfall quantity and flow peak, the pattern is similar to 
the 11/05/07 storm when divided into quarters (Figure 4.8).      
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Figure 4.7 Storm event hydrograph 11/14/07 (12:20 to 14:45) 
 
Figure 4.8 Storm event bar graph 11/14/07 
The next storm event was the following day on 11/15/07 totaling 0.19 inches.  The average flow 
was 0.85 cfs.  This average is higher than the previous storm event’s average flow.  This could 
be because of the storm event that occurred the previous day.  The ground was probably already 
wet so runoff might have occurred quicker than normal.  The minimum flow was 0.066 cfs; 
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however, this could be an anomaly because the next lowest flow rate was 0.353 cfs.  The peak 
flow for this storm event was 5.921 cfs.  The flow for the day started around 0.3 cfs, then two 
peaks occurred; the first at 15:30 (5.921 cfs) and the second peak occurred at 18:00 (2.799 cfs).  
The flow continued to decrease back to typical dry weather flow but remained high through the 
end of the day (Figure 4.9).     
 
Figure 4.9 Storm event hydrograph 11/15/07 
The next storm event occurred on 11/20/07.  The total precipitation for the day was 0.17 
inches.  This storm event had two well defined peaks; the first at 3:00 (4.83 cfs) and the second 
at 05:50 (4.173 cfs).  The average flow for the day was 0.78 cfs.  The minimum flow recorded 
for the day was 0.269 cfs (Figure 4.10). 
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Figure 4.10 Storm event hydrograph 11/20/07 
The next storm event occurred between 11/21/07 and 11/22/07 (Figure 4.11).  This was 
an all day rain event and at 2.04” total precipitation, this was the largest storm event that 
occurred in 2007.  The average flow was 2.21 cfs.  The minimum flow recorded was 0.314 cfs 
and the peak flow was 8.153 cfs.  The precipitation amount, peak flow, and average flow were 
the highest recorded for the 2007 monitoring period.   
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Figure 4.11 Storm event hydrograph 11/21/07 – 11/22/07 
Storm event #1 had the second lowest precipitation at 0.08 inches total and the peak flow 
was the lowest at 1.699 cfs, it also had the lowest average flow rate at 0.31 cfs and the lowest 
average daily flow volume at 26360.7 cf daily.  Storm event #3 had the lowest precipitation at 
0.03 inches but had a higher average daily flow volume than the second smallest event; the 
average daily flow volume was 49521.9 cf which is nearly double the average daily flow volume 
of storm event #1.  Storm event #3 also had a higher average flow rate of 0.57 cfs and a peak 
flow of 4.361 cfs.  The average flow in storm event #3 should not be higher than storm event #1 
because there was less rain.  The peak flow of storm event #3 was nearly 3 times higher than 
storm event #1.  The peak flow of this storm event is closer in comparison to storm event #5 
which had 0.14 inches more of rain.  The dry weather period before storm event #3 had a higher 
than average dry weather flow and a higher than average peak flow.  This could contribute to the 
higher than expected values for storm event #3.  However, the values for storm event #3 are still 
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higher than anticipated.  Storm event #4 and storm event #5 were similar in rainfall amount; 
storm event #4 was 0.19 inches and storm event #5 was 0.17 inches.  The average daily flows 
were similar although the larger storm event (event #4) had slightly higher average daily flow 
volume (73094.1 cf) than storm event #5 (67522.8 cf daily average).  The peak flows for both of 
these storm events were generally as expected as well; the larger storm event had a slightly 
higher peak flow (storm event #4 had a peak of 5.921 cfs and storm event #5 had a peak of 4.830 
cfs).  Storm events #4 and #5 had expected values.  Storm event #2 was larger than storm events 
#1, #3, #4, and #5 with a total of 0.35 inches in total precipitation.  The average flow was higher 
than storm event #1 which is expected.  However, the average flow for storm event #2 was lower 
than storm events #3 - #5 which is unexpected because the quantity of rainfall was higher.  The 
peak flow for storm event #2 was 6.292 cfs, this is an anticipated value because all the storm 
events that were mentioned previously had smaller rainfall quantities.  The next closest storm 
event in quantity was storm event #4 which yielded a peak flow of 5.921 cfs.  Storm event #7 
was the second largest in quantity at 0.5 inches.  However, this rainfall had a multimodal 
distribution and was different than the other storm events.  The peak flow was 4.016 cfs.  The 
average flow was 0.9 cfs which was the highest as compared to the other five storm events and is 
expected, even though the peak flow was lower than might be expected.  Storm event #6 was the 
largest of the storm events in 2007, and was more than 4 times larger in quantity (2.04 in.) than 
the next largest storm event.  The average daily flow volume was much higher than any other 
storm event at 190677.9 cf.  The average flow rate for the day was 2.21 cfs which was also 
higher than any other storm event.  The peak flow was the greatest of any other storm event 
observed in the monitoring period of 2007 at 8.467 cfs, this is also expected.  The rainfall and 
flow data are summarized in Table 4.1. 
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Storm DATE 
Rain 
(in) 
Ave Daily 
Flow (cf) 
Ave Flow 
(cfs) 
Min Flow 
(cfs) 
Peak Flow 
(cfs) 
1 
10/30/07 - 
11/01/07 
0.08 26361 0.31 0.04 1.67 
2 
11/05/07 - 
11/06/07 
0.35 58552 0.68 0.03 6.29 
3 11/14/07 0.03   0.57 0.32 4.36 
4 11/15/07 0.19 73094 0.85 0.07 5.92 
5 11/20/07 0.17 67523 0.78 0.27 4.83 
6 
11/21/07 - 
11/22/07 
2.04 190678 2.21 0.31 8.47 
7 
11/25/07 - 
11/27/07 
0.50 62925 0.90 0.00 4.02 
  
Wet 
Averages 
0.48 79855 0.90 0.15 5.08 
Table 4.1: Storm event averages for the 2007 monitoring period 
The rainfall was graphed and compared to the average daily flow volume (Figure 4.12).  
An R2 value of 0.93 was derived.  This is a high R2 which means we can estimate with some 
certainty how much flow will come through this pipe during a given rain event. 
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Figure 4.12 2007 Wet weather regression for rainfall and average daily flow volume 
The rainfall was also graphed with the average flow rate which yielded an R2 value of 
0.94 (Figure 4.13).  This is also a high value which is useful because now based on the rainfall 
we can not only estimate the total quantity of the flow but can also estimate average flow rate 
coming through the system based on a certain depth of rainfall.     
 
Figure 4.13 2007 Wet weather regression for rainfall vs. average flow rate 
The rainfall was also compared to the peak flow rate for the storm event and this yielded an R2 
value of 0.54 (Figure 4.14).  This is a relatively low R2 value which means that we have less 
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accuracy in estimating peak flow based solely on rainfall amount.  Other factors that can affect 
the peak flow are duration of storm event and antecedent dry weather and peak rainfall intensity.   
 
Figure 4.14 2007 Wet weather regression for rainfall vs. peak flow 
4.1.1.2 Dry Weather  
Figure 4.15 shows a typical dry day with 48 hours of antecedent dry weather during 
2007.  This graph shows the flow (cfs) from 11/07/07 to 11/10/07.  The average daily flow 
volume was 32783.7 cf.  The average flow for this time period was 0.38 cfs with the minimum 
flow recorded being 0 cfs and the peak flow being 0.6 cfs.  Generally, the data ranged between 
0.3 cfs and 0.5 cfs.  This is higher than other dry weather periods in 2007.  This could be because 
of two storm events occurring the previous days (11/05/07 and 11/06/07). In addition, the zero 
reading could be an equipment error which occurs when the velocity signal drops out either due 
to very low velocity or temporary sensor fouling.  Other graphs of dry weather flow can be found 
in Appendix A. 
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Figure 4.15 Dry weather flow 11/07/07 – 11/10/07 
For all the dry weather flow days, the average daily flow (volume) was 20520.3 cf, the 
average flow was 0.27 cfs, the average minimum flow was 0.015 cfs and the average peak flow 
was 0.46 cfs.  Dry weather flow data are summarized in Table 4.2.   
DATE Ave Daily Flow (cf) 
Ave Flow 
(cfs) 
Min Flow 
(cfs) 
Peak Flow 
(cfs) 
10/30/2007 11689.8 0.23 0.043 0.41 
11/02/07 - 
11/04/07 
17087.3 0.20 0.003 0.37 
11/07/07 - 
11/10/07 
32783.7 0.38 0.000 0.60 
Dry Averages 20520.3 0.27 0.015 0.46 
Table 4.2: Dry weather averages for 2007 
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4.1.2   2010 Flow Data (post construction) 
Flow data were not collected for 2008 or 2009 at this location.  A flow meter was 
installed on 05/27/10 by The Buffalo State Plumbing Department.   
4.1.2.1 Storm Events  
Peak rainfall depth was labeled on flow graphs for sampled storm events during 2010, 
these graphs can be found in Appendix D (only storms sampled for water quality).  A summary 
of each sampled storm event can be found in Table 4.3.  The flow data was recorded every 5 
minutes and the rainfall data was recorded every hour (60 minutes).  When the rainfall was 
plotted on the flow graph, it showed that the peak flow occurred at a similar time to the peak.  In 
some cases the peak rainfall was recorded soon after the peak flow.  When looking more closely 
at the times the peak rainfall and peak flow occurred, the peak rainfall occurred either at the 
same time as the peak flow or at the hour directly after the peak flow.  It should be noted that the 
time the peak rainfall occurs has actually been falling from the previous hour.  A regression was 
created for peak flow rate vs. peak rainfall (Figure 4.16).  Although well correlated (R2=0.67), a 
closer relationship might be observed if the rainfall data were recorded more frequently.  For 
example, on 06/24/10, the peak rainfall occurred at the sampling interval before the peak flow, 
the other recordings had the opposite relationship.  On 06/24/10 an additional 0.22 inches of 
rainfall was recorded at the following timestep (14:00).  If this event is taken out of the 
regression analysis a better correlation is established (R2=0.94) (Figure 4.17).        
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Date Peak Flow (cfs) 
Total Rain for 
Event (in) 
06/16/10     20.637 0.40 
06/24/10   34.466 0.41 
07/21/10    14.147 0.35 
07/24/10   25.38 0.49 
09/03/10   8.345 0.16 
06/12/10   9.567 0.18 
Table 4.3: Peak flow and rainfall for sampled storm events 2010 
 
 
 
 
Figure 4.16 Peak rainfall vs. peak flow for sampled storm events 2010 
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Figure 4.17 Peak rainfall vs. peak flow during sampled storm events, without the 06/24/10 data 
 
Table 4.4 shows rainfall and flow characteristics for all storm events recorded in 2010.  
These values have been graphed on a bar graph to show that with a higher depth of rainfall a 
higher peak flow can be expected (Figures 4.18). 
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Date Rainfall (in) Min Flow (cfs) Max Flow (cfs) 
Ave Flow 
(cfs) Ave Daily Flow (cf) 
06/01/10 0.33 0.053 9.687 0.542 46859.7 
06/02/10 0.47 0.053 34.700 0.603 52074.9 
06/03/10 0.36 0.054 25.695 0.568 49058.1 
6/4/2010 - 
06/5/2010 0.78 0.079 53.703 0.913 78895.2 
06/06/10 1.60 0.142 40.655 4.001 345673.5 
06/09/10 0.15 0.067 2.676 0.236 20384.7 
06/10/10 0.24 0.092 20.274 0.613 52978.2 
06/12/10 0.19 0.065 9.567 0.284 24566.7 
06/13/10 0.20 0.109 6.088 0.392 33838.2 
06/14/10 0.02 0.080 0.360 0.115 9913.2 
06/16/10 0.58 0.065 21.505 0.674 58220.1 
06/22/10 0.48 0.047 30.129 0.681 58850.1 
06/24/10 0.87 0.056 34.466 1.443 124671.9 
06/27/10 0.47 0.047 21.840 0.586 50589.6 
06/28/10 0.26 0.158 19.522 0.668 57707.4 
07/09/10 0.48 0.054 7.254 0.637 55025.1 
07/19/10 0.05 0.038 0.319 0.091 7902.9 
07/21/10 0.36 0.028 14.590 0.458 39547.8 
07/23/10 1.05 0.044 36.694 1.691 146110.5 
07/24/10 0.53 0.068 25.380 0.786 67888.5 
07/28/10 0.10 0.039 4.750 0.199 17171.7 
08/05/10 0.04 0.041 0.354 0.071 6135.0 
08/06/10 0.06 0.031 0.973 0.080 6885.6 
08/08/10 0.02 0.029 0.199 0.056 4842 
08/09/10 0.17 0.036 3.925 0.209 18044.7 
08/10/10 0.03 0.052 0.437 0.100 8677.5 
08/16/10 0.34 0.063 16.665 0.517 44638.2 
8/21/2010 
- 
08/22/2010 0.79 0.043 8.246 0.609 52628.1 
08/25/10 0.20 0.057 7.219 0.232 20072.7 
09/03/10 0.24 0.053 8.345 0.347 30012.9 
Table 4.4: Summary of flow during storm events 2010 
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Figure 4.18 Peak flow at outlet during storm events 2010 
A regression was done for rainfall vs. peak flow rate (Figure 4.19).  The R2 value was 
0.61.  This shows that the peak flow can be dependent on rainfall; the higher the amount of 
rainfall, the higher the peak flow.    
 
Figure 4.19 Rainfall vs. peak flow for wet weather 2010 
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4.1.2.2Flow Data Comparisons 2007 vs. 2010 
A regression was created for the peak flow (cfs) and the peak rainfall intensity (in/hr) for 
both 2007 and 2010.  The 2007 data yielded an R2 value of 0.73 with a slope of 0.14 (Figure 
4.20).  The 2010 data yielded an R2 value of 0.52 with a slope of 0.09 (Figure 4.21).  Other 
factors that can account for peak flow is infiltration of the soil which would also have to do with 
antecedent dry weather conditions and changes in the campus drainage and surface 
characteristics.  However, the slopes are significant which would suggest these factors did not 
have much impact.  
 
Figure 4.20 2007 peak flow vs. peak intensity 
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Figure 4.21 2010 peak flow vs. peak intensity 
The peak flow vs. peak intensity for both years seems to have a similar trend (Figure 4.22).  
 
Figure 4.22 Peak flow vs. peak rainfall intensity 
A regression was done for total rainfall depth (inches) vs. average daily flow volume (cf) 
for both 2007 and 2010 (Figures 4.23 and 4.24).  The 2007 data yielded an R2 value of 0.93 with 
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a slope of 72203.  The 2010 data yielded an R2 value of 0.84 with a slope of 166078.  These are 
high R2 numbers and show a good correlation.  Like peak intensity vs. peak flow, other factors 
such as antecedent dry weather conditions and soil infiltration can affect the relationship. 
 
Figure 4.23 2007 rainfall vs. average daily flow 
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Figure 4.24 2010 rainfall vs. average daily flow 
When both 2007 and 2010 were plotted on the same graph, it appears that in 2007, the 
total flow was higher for smaller rain events than 2010 (Figure 4.25).  In contrast, the regression 
suggests that the higher total rainfall events for 2007 had lower flow volume than the higher 
volume rainfall events for 2010.  Note that there is only 1 event above 0.5 inches in 2007, which 
could be significantly impacting the regression. 
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Figure 4.25 2007 and 2010 rainfall vs. total flow 
The 2007 data had a better correlation with peak flow vs. peak rainfall intensity and the rainfall 
vs. the average daily flow.   
Peak flow (cfs) and rainfall depth (inches) were graphed and a linear regression was 
analyzed.  The 2007 data had an R2 value of 0.54 with a slope of 2.2.  The 2010 data had an R2 
value of 0.61 and a slope of 31.7.  The slope for the 2010 data was much higher than the slope 
for the 2007 data.  This suggests that for a similar storm event (rainfall depth), the peak flow in 
2010 would be expected to be much higher than it would have been in 2007 (Figure 4.26).  The 
stormwater drainage system was expanded on campus between 2007 and 2010 which brought 
more stormwater to the outlet quickly.  Unfortunately, there is only one storm event from 2007 
that is higher than about 0.5 inches which has a lot of influence on the slope of the 2007 line so 
results need to be viewed with caution.  Nonetheless, it is interesting to note that the 2007 storm 
event that was 2.06 inches had a lower peak and lower average daily flow than the storm event in 
2010 that had between 1.6 and 1.69 inches of rainfall (Figure 4.27 and 4.28). 
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Figure 4.26 2007 and 2010 peak flow vs. rainfall regression 
 
 
Figure 4.27 2007 and 2010 peak flow vs. rainfall 
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Figure 4.28 2007 and 2010 average daily flow vs. rainfall 
 
4.1.2.3 Dry Weather 
 
The first dry weather flow period was 05/27/10 to 05/31/10, which shows typical dry 
weather flow for 2010 (Figure 4.29).  The minimum flow was 0.036 cfs and the peak was 0.151 
cfs.  The average flow rate was 0.076 cfs.  A pattern can be observed.  It appears that the flow is 
highest during the afternoon and then decreases in the evening.  This pattern was not observed 
for the other dry weather periods monitored.  Between 05/27/10 and 05/31/10, flow varied 
slightly but remained below 0.2 cfs.   
The flow volume in cubic feet is shown in the Table 4.5 (note that 5/27/10 began 
recording data at 9:10 am).  Excluding the data from 5/27/10, the average flow between 
5/28/2010 and 5/31/2010 was 6,424.35 cubic feet.  The total flow for this dry period was 
30,437.4 cubic feet with an average of 6,087.5 cubic feet per day.  No rainfall was recorded on 
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campus during this period.  All other dry weather flow graphs can be found in Appendix B and 
Table 5 summarizes dry weather flow data. 
Date Flow (cf)  
5/27/2010 4,740.0 
5/28/2010 6,767.7 
5/29/2010 6,016.2 
5/30/2010 6,129.6 
5/31/2010 6,783.9 
 
Table 4.5: Dry weather flow at outlet 2010 
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Figure 4.29 Dry weather flow at outlet 05/27/10 – 05/31/10 
 
 
 
 
Event Date min flow (cfs) 
peak flow 
(cfs) average flow (cfs) 
1 05/28/10 - 05/31/10 0.036 0.151 0.076 
2 6/15/10 0.053 0.128 0.080 
3 06/19/10 - 06/21/10 0.043 0.104 0.061 
  Averages 0.044 0.128 0.072 
Table 4.6 Dry weather averages for 2010 
4.2   Water Quality  
Quality results were analyzed for 5 storm events in 2010.  No other water quality data 
exists for this particular location at a previous date.  Each storm event that was sampled will be 
carefully examined and compared to the other events that were sampled that year.   
4.2.1  Storm Event #1  
Storm Event 1 was sampled on 06/12/10.  There was a 56 hour dry period from 06/10/10 
at 11:00 to 6/12/10 at 19:00.  The previous rainfall was a light rain on 06/10/10 at 11:00 of 0.01 
inches.  The storm event on 6/12/10 lasted 1 hour and had a total of 0.18 inches of rain at 19:00.  
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The first flush was not sampled.  Sampling began at 20:30 and ended at 21:10.  Three samples 
were taken at the inlet to the detention pond.  On the last sample the flow was barely a trickle 
and flow had stopped by 22:00.   
None of the samples had any detectable E. coli; all concentrations were 0 per 100 mL.  
The TSS decreased over the sampling period; 7.5 mg/ L being the maximum concentration and 0 
mg/L being the minimum (Figure 4.30).  The TP did not have a clear pattern but seemed to be 
decreasing over time (Figure 4.31).  The maximum measurement was the 1st measurement taken 
at 20:30 of 8.1 mg/L, the two following readings were below 1.0 mg/L (0.2 mg/L and 0.6 mg/L).  
Nitrate decreased over time with the maximum measurement being 3.1 mg/L and the minimum 
measurement at 0 mg/L at the last sample time (Figure 4.32).  Overall TSS and nitrates both 
decreased over time.  This was a small storm event and the runoff was quite clean. 
 
Figure 4.30 TSS at inlet for storm event 1 
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Figure 4.31 TP at inlet for storm event 1 
 
Figure 4.32 Nitrate at inlet for storm event 1 
4.2.2   Storm Event #2 
Storm event 2 was sampled on 06/16/10.  There was a 41 hour dry period from 06/14/10 
at 14:00 to 06/16/10 at 07:00.  The previous rainfall on 06/14/10 at 14:00 was 0.02 inches.  The 
storm event started at 07:00 and ended at 08:00.  The total precipitation from the storm was 0.48 
inches.  Sampling started at 07:15 and ended at 08:45.  The first two samples were taken at the 
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inlet.  This water appeared to be relatively “clean and clear” so no other samples were taken at 
this location.  The following samples were taken at the outlet and in the center of the detention 
pond at the 08:00 and 08:15 timestep.  Then at the 08:30 and 08:45 timestep samples were only 
taken from the manhole.  The flow at the manhole stopped around 08:50. 
At the outlet the TSS was high ranging from 90.0 mg/L to 1061.0 mg/L and showed a 
generally increasing trend (Figure 4.33).  The TP also showed a general increasing trend with a 
minimum of 0.5 mg/L at the first sample time and the maximum at 2.2 mg/L on the last sample 
(Figure 4.34).  The nitrate seemed to increase from the first to the second sample but then 
decreased after that (Figure 4.35).  E. coli had a generally decreasing trend (Figure 4.36)   
 
Figure 4.33 TSS at outlet for storm event 2 
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Figure 4.34 TP at outlet for storm event 2 
 
Figure 4.35 Nitrate at outlet for storm event 2 
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Figure 4.36 E. coli at pond and outlet for storm event 2 (red outlet, blue inlet) 
Looking at the samples that were taken at 08:00 and 08:15 in the detention pond, every 
parameter measured had an equal or higher values at the outlet than in the pond itself.  The TSS 
seemed extremely high at the outlet which may be attributed to the lack of vegetation in the 
detention pond and the surrounding area, not from the campus stormwater.  The vegetation that 
was in the detention pond was not well established and excessive erosion was occurring.        
4.2.3 Storm Event #3 
 Storm event #3 took place on 06/24/10.  There was an antecedent dry period of 35 hours 
before 06/24/10.  There was a small rain event on 06/22/10 from 15:00 to 16:00 which had a 
total of 0.11 inches of precipitation with a maximum rain rate of 0.69 in / hour.  On 06/24/10, a 
small rain event started at approximately 03:00 and lasted to 04:00.  The total precipitation was 
0.18 inches and the maximum rain rate was 1.82 in /hour.  Later on that day, a large, intense 
storm event occurred between 13:00 and 15:00, the total precipitation was 0.68 inches, with a 
maximum rain rate of 3.84 in / hour.  A total of 19 samples (4 at the inlet, 4 at the pond, 11 at the 
outlet) were collected. 
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 The peak flow for the storm event on 06/24/10 was 34.5 cfs at 12:15.  This peak occurred 
exactly 1 hour prior to the first sample taken.  At 13:30 another peak occurred at 5.9 cfs.  A 
sample was collected 15 minutes before and 15 minutes after the second peak.  The other 
samples were taken at the tail end of the flow graph (Figures 4.37 and 4.38).   
 
Figure 4.37 Flow at outlet during storm event 3 
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Figure 4.38 Flow at outlet during sampled timesteps storm event 3 
E. coli 
Of the four samples collected at the inlet from 13:15 to 14:00 (15 minute intervals), the 
highest concentration was at 13:30 and the lowest at 14:00.  There was a general decreasing 
trend over time (Figure 4.39).  Using a logarithmic curve with a power of 2, an R2 value of 0.78 
was calculated.  The E. coli ranged from 2200 colonies/ 100 mL to 4400 colonies/ 100 mL.  
These values were higher than any other concentration at the inlet for the 2 previous storms that 
were sampled.  The geometric mean was 3080 colonies/ 100 mL, this is over 10 times the 
measured average for storm event #2 which occurred only 8 days prior to this storm.  However, 
storm event #2 had 0.2 less inches of rain.   
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Figure 4.39 E. coli at inlet for storm event 3 
Samples were taken in the center of the detention pond at the same time intervals as the 
inlet.  In contrast to the inlet, the E. coli in the pond had an overall increasing trend.  Using a 
logarithmic curve, an R2 value of 0.95 was calculated (Figure 4.40).  The concentrations ranged 
from 1900 colonies / 100 mL to 3100 colonies/ 100 mL with a geometric mean of 2534 colonies/ 
100 mL which is overall less than the inlet.  However, E. coli can be highly variable, so these 
concentrations are in general agreement. 
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Figure 4.40 E. coli in pond for storm event 3 
 Samples were also taken at the outlet for the same time intervals as the inlet and detention 
pond, but 7 additional samples were collected at 15 minute intervals after the inlet and pond 
samples were collected.  There was an overall decreasing trend, using a logarithmic curve with a 
power of 2, an R2 value of 0.82 was obtained (Figure 4.41).  The concentrations ranged from 200 
colonies / 100 mL to 3800 colonies / 100 mL.  From 13:15 to 14:00, the values were all greater 
than 3000 colonies / 100 mL, from 14:15 to 15:45, 6 of the 7 samples were below 3000.  The 
geometric mean of all outlet samples was 1898 colonies / 100 mL.     
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Figure 4.41 E. coli at outlet for storm event 3 
TSS 
The TSS concentrations at the inlet ranged from 48.4 mg/L to 28 mg/L with an average 
of 38.3 mg/L.  These values are relatively low but still higher than the other 2 storms sampled.  
The first storm event had an average of 3.5 mg/L and the second storm had an average of 26.2 
mg/L.  This storm was more intense than the other two storms which could be why sediment 
concentrations in the stormwater were higher.  There appears to be an overall decreasing trend as 
a function of time, using a logarithmic curve with a power of 2, an R2 value of 0.41 was 
obtained.  The highest concentration was at the first sample taken at 13:15 and the lowest 
concentration was at the second sample taken at 13:30 (Figure 4.42).   
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Figure 4.42 TSS at inlet for storm event 3 
The TSS concentrations in the stormwater detention pond were much higher than the 
inlet, ranging from 458 mg/L to 705 mg/L with an average of 511.5 mg/L.  There was an overall 
decreasing trend, using a logarithmic curve with a power of 2, an R2 value of 0.74 was 
calculated, the shape of the curve is similar to the curve at the inlet for TSS.  All concentrations 
are greater than the concentrations in the pond during storm event #2; during storm event #2, the 
highest concentration was 250 mg/L (Figure 4.43).  The TSS concentrations in the pond were 
high because at the time of this storm event, the stormwater detention pond was still in the 
“construction phase” and the vegetation did not have a well established root system, so excess 
erosion was occurring with intense rain events such as this one. 
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Figure 4.43 TSS in pond for storm event 3 
At the outlet, the TSS concentrations ranged from 70 mg/L to 770 mg/L with an average 
of 275 mg/L.  TSS at the manhole decreased overtime.  The first 3 samples (13:15, 13:30, 14:00 
pm) were above 400 mg/L.  Of the following 5 samples, all except one were in the 200-299 mg/L 
range; the exception was the lowest value measured at the outfall of 70 mg/L.  The last three 
samples (15:15, 15:30, 15:45) were below 200 mg/L.  A logarithmic curve with a power of 2 was 
used to calculate an R2 value of 0.89 (Figure 4.44).   
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Figure 4.44 TSS at outlet for storm event 3 
 Overall, TSS at the outlet was higher than the inlet (Figure 4.45).  This indicates that 
there was a problem with the filtration system.  However, sampling from the pond indicates that 
the problem was likely erosion from the banks of the pond and the TSS problem was not from 
the incoming stormwater.  The average TSS in the detention pond was higher than the outlet.  
This indicates that although the pond was likely the cause of the high TSS values, the filtration 
system seems to be helping decrease the TSS before it is discharged into Scajaquada Creek. 
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Figure 4.45 TSS at inlet vs. pond vs. outlet for storm event 3 
Total Phosphorus 
Total phosphorus in the inlet showed an overall increasing pattern.  A logarithmic curve 
with a power of 2 yielded an R2 value of 0.77 (Figure 4.46).  The lowest concentration was the 
first sample at 13:15 and the highest was the last sample taken at 14:00.  The values ranged from 
0.3 mg/L to 0.8 mg/L with an average of 0.6 mg/L.  These results are comparable to the results 
obtained from the inlet of storm event #1 and #2. 
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Figure 4.46 Total phosphorus at inlet for storm event 3 
 The total phosphorus at the detention pond showed no clear trend (Figure 4.47).  The 
values ranged from 0.1 mg/L to 0.9 mg/L with an average of 0.5 mg/L.  These values are 
relatively similar to the phosphorus at the inlet and also similar to the concentrations measured in 
the pond during storm event #2.    
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Figure 4.47 Total phosphorus in pond for storm event 3 
The total phosphorus at the outlet ranged from 0.3 mg/L to 4.6 mg/L with an average of 
0.9 mg/L (Figure 4.48).  All except one sample was at or below 1.0 mg/L.  These results are also 
relatively similar to that of the outlet for storm event #2 which had an average of 1.05 mg/L. 
 
Figure 4.48 Total phosphorus at outlet for storm event 3 
At the inlet, pond and outlet individual total phosphorus levels were variable, but average 
values were similar to each other (Figure 4.49).  
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Figure 4.49 Total phosphorus at inlet vs. pond vs. outlet for storm event 3 
Nitrate 
 Values for nitrate showed a clear decreasing pattern over time at the inlet (Figure 4.50).  
A logarithmic curve with a power of 2 yielded an R2 value of 0.98.  The highest value was at the 
first sample and the lowest value was at the last sample.  The range was 3.1 mg/L to 14.6 mg/L 
with an average of 9.4 mg/L.  These values were higher than the nitrate at the inlet on the first 
and second sample events, but show a similar decreasing pattern as storm event #1.   
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Figure 4.50 Nitrate at inlet for storm event 3 
In the pond, a bell curve shape was observed (Figure 4.51).  The first measurement 
(13:15) and last measurement (14:00) were low but the two middle samples (13:30 and 13:45) 
were high.  A logarithmic curve was applied with a power of 2 and an R2 value of 0.99 was 
obtained.  The highest concentration was 20.8 mg/L and the lowest was 4.9 mg/L with an 
average of 14.3 mg/L.  These concentrations are generally higher than the inlet during this event 
and also higher than the pond for second storm event.   
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Figure 4.51 Nitrate at pond for storm event 3 
The nitrate at the outlet had no clear pattern, the highest concentration was 18.6 mg/L and 
the lowest concentration was 0 mg/L; with an average of 8.3 mg/L (Figure 4.52).  The average 
was comparable to that of the second storm event when the average was 8.85 mg/L.  The average 
was lower at the outlet than the inlet or the pond, suggesting that the filtration system was 
helping decrease concentrations of nitrogen before the water discharged into the creek.  
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Figure 4.52 Nitrate at outlet for storm event 3 
Zinc and Lead  
Samples were taken and analyzed for zinc and lead at the outlet for storm event 3.  Zinc 
concentrations ranged from 0.023 mg/L to 0.121 mg/L.  The average zinc in stormwater is 0.14 
mg/L (The Department of the Environment 2012).  All concentrations for this storm event were 
below the national average.  The highest concentration was the first sample and the lowest 
concentration was the last sample taken for zinc.  The lead concentrations ranged from ND (non 
detect) to 0.022 mg/L.  The national average for lead in stormwater is 0.018 mg/L (The 
Department of the Environment 2012).  The concentrations were close to this value with one 
concentration being higher than the national average.  The highest concentration was the first 
sample and the lowest concentrations were the ND at the second and last time step.  Zinc and 
lead seemed to follow similar patterns.  At the sample times that lead was not detectable, the zinc 
was at its lowest concentrations.  Also the highest concentration for both lead and zinc was at the 
same time (Figure 4.53).  
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Figure 4.53 Zinc and lead at outlet for storm event 3 
Brief Summary of Trends for Storm Event 3 
At the inlet, E. coli, TSS and nitrate decreased as a function of time whereas phosphorus 
increased over time.  In the pond, TSS and nitrate decreased over time but E. coli increased over 
time and phosphorus showed no clear pattern.  At the outlet, E. coli and TSS decreased over time 
and phosphorus and nitrate showed no clear pattern.   
 
4.2.4  Storm Event #4 
 Storm event #4 occurred on 07/21/10.  This was a quick storm event totaling 0.3 inches.  
Because the storm was so short only a total of 6 samples were taken; 3 at the inlet and 3 at the 
outlet at concurrent times.  Samples started at 07:55 and ended at 08:25.   
 TSS varied at the inlet from 10.4 mg/L to 32.5 mg/L.  The highest concentration was the 
first sample taken and the lowest concentration was the last sample taken, there was a general 
decreasing trend.  Concentrations at the outlet ranged from 76 mg/L to 152.8 mg/L.  These 
concentrations are higher than the concentrations at the outlet (Figure 4.54).  It is possible that 
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this is from erosion still occurring in the pond, however, no samples were taken at the pond 
because the water level was not high enough to obtain a proper sample. 
 
Figure 4.54 TSS at inlet vs. outlet for storm event 4 
 TP at the inlet ranged from 0.4 mg/L to 6.9 mg/L.  The highest concentration occurred at 
the first sample time.  TP at the outlet ranged from 0.4 mg/L to 1.0 mg/L.  Unlike the inlet, the 
outlet first sample time was the lowest concentration recorded (Figure 4.55). 
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Figure 4.55 Total phosphorus at inlet vs. outlet for storm event 4 
Nitrate at the inlet ranged from 4.9 mg/L to 11.5 mg/L.  Concentrations at the outlet 
ranged from 0.0 mg/L to 5.3 mg/L and showed an overall decreasing trend.  Concentrations at 
the inlet were higher than the outlet at every sample time (Figure 4.56). 
 
Figure 4.56 Nitrate at inlet vs. outlet for storm event 4 
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E. coli concentrations at the inlet were low, ranging from 0 to 100 colonies per 100 mL.  
There was a decreasing trend, the only sample to detect E. coli was the first sample taken.  
Concentrations at the outlet ranged from 2000 to 3200 colonies per 100 mL (Figure 4.57). 
 
Figure 4.57 E. coli at inlet vs. outlet for storm event 4 
4.2.5  Storm Event #5 
Storm event #5 occurred on 07/24/10.  A total of 19 samples were collected.  Before the 
sampling period there was 25 hours of antecedent dry weather.  A large storm event occurred on 
07/23/10 from 02:00 to 07:00 totaling 0.95 inches.  The total rainfall for 07/24/10 was 0.53”, the 
raingauge recorded 0.49” at 17:00 with a rain rate of 2.91 inches/hour and 0.04” at 21:00 with a 
rate of 0.71 inches/hour.  Rainfall started at 15:45 and stopped around 16:00.  At 16:00, there 
was no flow at the inlet or outlet.  A more intense rainfall started just after 16:00 and by 16:15 
the inlet began to flow.  At the inlet, sampling started at 16:15, and samples were taken every 15 
minutes until 17:15.  A total of six samples were taken from the inlet; five samples plus one 
duplicate.  The first sample at 16:15 was of the first water to come out of the pipe.  By the last 
sample at 17:15, the flow was barely at a trickle and by 17:30 there was no more flow coming 
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out of the pipe.  At 16:15 there was no flow at the outlet.  Flow at the outlet began around 16:30.  
This is expected because the flow at the inlet has to go through the pond and the sand filtration 
system which will cause a lag between the flow at the inlet and the flow at the outlet.  A total of 
nine samples were taken from the outlet; eight samples and one duplicate.  The first sample was 
taken at 16:30 which was the first flow that came out of the outlet and samples were taken every 
15 minutes until 18:15.  At 18:15 the flow at the outlet was a trickle and by 18:30 the flow had 
stopped.  Samples also were taken in the stormwater detention pond to determine if increased 
sediment concentrations were coming from the pond because of erosion rather than from the 
inlet.  A total of four samples were taken at the pond at 15 minute intervals from 16:30 to 17:15.  
There was much more vegetation at the site during this sampling event than there was for the 
previous storm event.   
On 07/24/10 the flow varied from 0.07 cfs to 25.4 cfs with an average of 0.8 cfs.  The 
hydrograph for the day is shown in Figure 4.58, while Figure 4.59 shows the time steps on the 
hydrograph when water quality sampling took place.   
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Figure 4.58 Hydrograph for outlet to Scajaquada Creek for storm event 5 
 
Figure 4.59 Sampled timesteps for storm event 5 
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The storm lasted for approximately 14 timesteps or 1 hour and 5 minutes, from 16:15 to 
17:20.  The minimum flow during this period was 0.1 cfs and the peak was 25.4 cfs.  The pre-
peak average flow was 11.6 cfs and the post-peak average flow was 8.2 cfs.  Broken down 
further, the average of the 1st 3 timesteps was 3.5 cfs, the average of the 2nd 3 timesteps was 19.7 
cfs, the average of the 3rd 3 timesteps was 14 cfs and the average of the last 4 timesteps was 3.9 
cfs (Figure 4.60).  The beginning of this storm seemed to have more flow because the pre-peak 
average was higher than the post-peak average and when broken into quarters the quarter before 
the peak is higher than the quarter after the peak.   
 
Figure 4.60 Separated average flow for storm event 5 
E. coli 
E. coli at the inlet ranged from 600 to 6200 colonies per 100 mL.  The highest 
concentration occurred at 16:45 which was in the middle of the time the inlet was flowing 
(Figure 4.61).  The geometric mean for E. coli was 1324 per 100 mL.   
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Figure 4.61 E. coli at inlet for storm event 5 
The E. coli in the pond varied from 400 to 1500 colonies per 100 mL with a geometric 
mean of 721 colonies per 100 mL.  The lowest concentration was the first sample taken and the 
highest concentration was the last sample taken.  There was an overall increasing trend (Figure 
4.62).  This could be because of increased erosion over time with more incoming flow.  There 
would be less erosion at the beginning of the storm because there is less flow and the erosion 
would begin to increase as the incoming flow increases.   
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Figure 4.62 E. coli in pond for storm event 5 
E. coli at the outlet ranged between 2000 to 7100 colonies per 100 mL with a geometric 
mean of 3106 colonies per 100 mL.  The highest concentration (7100 colonies per 100 mL) was 
observed with the first sample taken at 16:30 and this was the highest concentration measured at 
any location for this storm event.  After the first sample all the other samples were relatively 
uniform ranging between 2000 and 3600 colonies per 100 mL with a geometric mean of 2706 
colonies per 100 mL.  There is an overall decreasing trend (Figure 4.63).  
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Figure 4.63 E. coli at outlet for storm event 5 
E. coli concentrations varied within the inlet, pond and outlet.  The inlet and outlet had a 
large range but did not coincide with each other.  The pond seemed to remain relatively constant 
and did not appear to follow a pattern to the inlet or outlet.  Concentrations in the pond were 
lower than recorded concentrations at the inlet and outlet (Figure 4.64). 
 
Figure 4.64 E. coli trends for storm event 5 
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TSS 
TSS at inlet ranged from 14.4 mg/L and 103.2 mg/L.  The average was 58 mg/L.  There 
was an overall decreasing trend.  The highest concentration was the second sample taken at 
16:30 (Figure 4.65).  The high concentrations in the early samples likely reflect the first flush.  
  
Figure 4.65 TSS at inlet for storm event 5 
TSS in the pond varied from 340 mg/L to 402 mg/L with an average of 370 mg/L.  The 
lowest concentration occurred at the first sample taken at 16:45 and the highest concentration 
occurred at 17:00 (Figure 4.66).  
y = -57008x2 + 20482x - 1750.4
R² = 0.8006
0
20
40
60
80
100
120
3:50 4:04 4:19 4:33 4:48 5:02 5:16 5:31
C
o
n
ce
n
tr
a
ti
o
n
 (
m
g
/L
)
Time
TSS at Inlet 
135 
 
 
Figure 4.66 TSS in pond for storm event 5 
The TSS at the outlet had a clear decreasing pattern (Figure 4.67).  Concentrations varied 
between 85 mg/L and 501 mg/L.  The highest concentration was the second sample taken at 
16:45.  The lowest concentration was the last sample taken at 18:15.  The average was 257 mg/L. 
 
Figure 4.67 TSS at outlet for storm event 5 
The overall trend for TSS at the inlet, pond, and outlet shows a decrease through the 
event.  The concentrations at the inlet were lower than the concentrations in the pond or at the 
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outlet (Figure 4.68).  This would suggest that the filtration system was not properly working.  
However, at closer examination, the concentrations at the pond were high because of erosion.  
The last two samples taken at the pond were of higher concentration than at the outlet.  It seems 
that the stormwater coming in from the inlet had relatively low TSS concentrations but the 
retention pond was eroding which caused sediment concentrations to be high.  The sand filtration 
system was managing to take some of the sediment out before it discharged into Scajaquada 
Creek. 
 
Figure 4.68 TSS trends for storm event 5 
Total Phosphorus 
TP at the inlet varied from 0.0 mg/L to 2.3 mg/L.  The average was 0.9 mg/L.  The lowest 
concentration was the first measurement taken at 16:15, the highest concentration was the middle 
sample taken at 16:45 (Figure 4.69).  The 2.3 mg/L concentration was the highest recorded at the 
inlet, pond or outlet.      
0.0
100.0
200.0
300.0
400.0
500.0
600.0
4:19 4:33 4:48 5:02 5:16 5:31
T
o
ta
l 
P
h
o
sp
h
o
ru
s 
(m
g
/L
)
Time
TSS
07/24/10
Inlet 
Pond
Outlet
137 
 
 
Figure 4.69 TP at inlet for storm event 5 
TP in the pond had a general increasing pattern.  The values ranged from 0.0 mg/L to 0.4 
mg/L.  The lowest concentration was at 17:00 and the highest concentration was at 17:15 (Figure 
4.70).  The average was 0.2 mg/L.   
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Figure 4.70 TP in pond for storm event 5 
TP at the outlet ranged from 0.0 mg/L to 1.0 mg/L with an average of 0.6 mg/L.  An 
overall decreasing trend can be seen (Figure 4.71).   
 
Figure 4.71 TP at outlet for storm event 5 
The average TP was highest at the inlet and second highest at the outlet.  The average TP 
was lowest in the pond.  Overall the TP ranged from 0.0 mg/L to 2.3 mg/L.  
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Nitrate at the inlet varied from 0.0 mg/L to 7.5 mg/L.  The average was 3.4 mg/L and no 
apparent trend was evident (Figure 4.72).  Nitrate in the pond ranged from 0.0 mg/L to 5.3 mg/L.  
The average was 2.4 mg/L and no apparent trend was visible in the pond either (Figure 4.73).    
Nitrate at the outlet ranged from 4 mg/L to 15.1 mg/L.  The average was 9.2 mg/L and again, no 
trend was visible (Figure 4.74).   
 
Figure 4.72 Nitrate at inlet for storm event 5 
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Figure 4.73 Nitrate in pond for storm event 5 
 
Figure 4.74 Nitrate at outlet for storm event 5 
Overall, the average nitrate concentration at the outlet was highest when compared to the 
inlet and the pond.  The average in the pond was lower than the inlet.  It is unknown where the 
higher concentrations of nitrate are coming from to yield higher concentrations in the outlet than 
the pond and the inlet.   
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Oil and Grease 
Samples were taken for oil and grease at the inlet at 16:15 and 16:30 in expectation of 
catching the first flush.  A sample also was taken at 16:30 at the outlet to determine if the 
filtration system was filtering oil and grease.  Samples were analyzed by Wastestream 
Technology.  All samples taken for oil and grease were reported as non detect.  This was 
surprising because it was expected that the inlet would have some residual oil and grease from 
the cars on the street.  Physically, the samples taken for the first 30 minutes were much darker 
and more turbid than the other samples taken.  The first flush was captured but still oil and 
grease were not detected.  This could be because of a large rain event the previous day that 
washed out the oil and grease that was built up on the roads.  Regardless, this is a good result for 
the campus although more sampling should be done to verify this result. 
Zinc and Lead 
Samples were taken for zinc and lead at the inlet at 16:15 and 16:30 and at the outlet at 
16:30 and 16:45.  It was expected that the concentrations would be higher at the inlet than the 
outlet which would suggest the sand filtration system was working.  At the inlet from 16:15 to 
16:30 the zinc concentrations actually increased from 0.053 mg/ L to 0.079 mg/L.  The lead 
concentrations increased from ND to 0.016 mg/L.  At the outlet the zinc concentrations 
decreased from the 16:30 to 16:45 samples.  At 16:30 the concentration was 0.132 mg/L and at 
16:45 the concentration was 0.027 mg/L.  At the outlet the lead decreased from 0.018 mg/L at 
16:30 to ND at 16:45.  The zinc showed opposite trends from the inlet and outlet; increasing over 
time at the inlet and decreasing overtime at the outlet.  The average at the inlet was 0.07 mg/L 
and 0.08 mg/L at the outlet; these values are relatively similar.  The lead showed similar patterns 
over time at the inlet and outlet and the values were nearly identical (Table 4.7).  These results 
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could indicate that the pond is not adding any additional pollutants.  Because there is a lag time 
between the inlet and the outlet, looking at the 16:15 sample time for zinc and lead, the inlet 
concentrations are lower than the outlet concentrations for both zinc and lead.  The most 
restrictive standard for lead is 0.025 mg/L in dissolved form.  The values given are in total form 
which is higher than dissolved form and the lead concentration is still lower than the most 
restrictive standard.  This indicates that lead is not a problem in this study.  The most restrictive 
standard for zinc is 0.066 mg/L in dissolved form.  The values obtained for this event were 2 
higher concentrations and 2 lower concentrations.  However, both samples that were over the 
most restrictive standard were not significantly higher and were measured in total form which is 
usually a higher concentration.  This indicates that zinc concentrations are not a problem in this 
study. 
Time Location 
Zinc 
(mg/L) 
Lead 
(mg/L) 
4:15 Inlet 0.053 0.016 
4:30 Inlet 0.079 ND 
4:30 Outlet 0.132 0.018 
4:45 Outlet 0.027 ND 
Table 4.7: Results for zinc and lead for storm event 5 
 
4.2.6   Storm Event #6 
Storm event 6 occurred on 09/03/10.  Before the storm event there was 210 hours of 
antecedent dry weather.  The last recorded rainfall was on 08/25/10 at 21:00.  This was an 
intense rainfall with a rain rate of 6.4 inches/ hour but only totaling 0.16 inches of precipitation.  
The rain event on 09/03/10 totaled 0.23 inches in precipitation.  The rain started between 14:00  
and 15:00. At 15:00, 0.07 inches of rainfall was recorded at a rain rate of 1.3 inches/ hour.  Two 
samples were taken during this time; one at 14:40 and one at 14:55.  The samples were only 
taken at the inlet as the flow had not yet reached the outlet.  The rain stopped for a little while but 
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picked up again around 15:15 pm.  At 16:00, 0.16 inches of rainfall was recorded at a rain rate of 
1.16 inches/ hour.  Flow started coming out of the inlet again at approximately 15:30 and a 
sample was taken at 15:35.  By the next 15 minute timestep at 15:50, flow had started coming 
out of the outlet as well.  Samples were taken at both the inlet and outlet at 15:50, 16:05, and 
16:20.  A duplicate was taken at the inlet for the 16:05 sample time.  By 16:20, the flow had 
stopped at the inlet, however, there was still flow at the outlet.  Samples were also taken at the 
outlet at 16:35 and 16:50.  The flow stopped at the outlet by 17:05.   All together, a total of 12 
samples were taken including one duplicate.  No samples were taken at the pond because there 
was not enough water in the pond to get a sample without stirring up the sediment on the bottom 
of the pond shown as in Figure 4.75. 
 
Figure 4.75 Pond during storm event 6 
After sample events 1 - 5, some changes were made to the pond system because it was 
still in the “construction” phase.  One change that was noticed was that the inlet pipe that was 
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protruding out of the ground had been cut back so the flow traveled down the backsplash rather 
than overshooting it (Figure 4.76).   
 
 
 
Figure 4.76 Inlet pipe for storm events 1-5 (left) and inlet pipe for storm event 6 (right) 
The flow for storm event 6 ranged from 0.05 cfs to 8.3 cfs with an average for the day of 
0.35 cfs.  There were two peaks; one small and one large peak.  This represents the time the rain 
had stopped between the set of samples (Figure 4.77).  The timesteps that were sampled during 
the storm are shown in Figure 4.78.   
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Figure 4.77 Hydrograph for 09/03/10 storm event 6 
 
Figure 4.78 Flow at sampled timesteps during storm event 6 
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When filtering the samples, the filters for the inlet samples appeared black and the 
samples for the outlet appeared tan.  It is possible that the inlet samples were darker because they 
have larger grain sediments.  Perhaps, the outlet filters are lighter in appearance because they 
have gone through the pond and sand filter, the sand filter may have taken out the larger grain 
sediments.   In Figure 4.79, the filters on the top row were from the inlet and the filters on the 
bottom row were from the outlet.   
 
Figure 4.79 Filters from storm event 6 
TSS at the inlet ranged from 28 mg/L to 123 mg/L with an average of 79 mg/L.  There 
was an overall decreasing trend (Figure 4.80).  TSS at the outlet ranged from 62 mg/L to 185 
mg/L with an average of 95 mg/L.  There was a clear decreasing trend (Figure 4.81).   
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Figure 4.80 TSS at inlet for storm event 6 
 
Figure 4.81 TSS at outlet for storm event 6 
The lowest value and the highest value at the outlet were higher than at the inlet (Figure 
4.82).  In addition, the average was higher at the outlet than the inlet.  This suggests that although 
there was more vegetation in the pond for storm 6 than there was previously, there was still a 
problem with increased sediment coming from the pond.   
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Figure 4.82 TSS at inlet vs. outlet for storm event 6 
Total phosphorus at the inlet varied from 0.0 mg/L to 3.2 mg/L with an average of 1.1 
mg/L.  There seemed to be a slightly increasing trend (Figure 4.83).  There were several 
problems with the Hanna Instrument reading the phosphorus concentrations for the inlet.  
Because of this, the TP data needs to be viewed with caution because of instrumentation 
difficulties.  
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Figure 4.83 Total phosphorus at inlet for storm event 6 
Total phosphorus at the outlet ranged from 0.4 mg/L to 4.7 mg/L with an average of 2.5 
mg/L.  The results generally show a bell shaped curve with the first sample and last sample being 
low and within 0.1 mg/L of each other (0.4 mg/L and 0.5 mg/L).  The highest concentration was 
the middle sample at 16:20 with a concentration of 4.7 mg/L (Figure 4.84). 
 
Figure 4.84 Total phosphorus at outlet for storm event 6 
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The average phosphorus was lower at the inlet than the outlet.  There was a bell shaped 
curve pattern for the outlet concentrations.  The highest inlet concentration occurred at the same 
time as the highest outlet concentration (Figure 4.85).   
 
Figure 4.85 Total phosphorus at inlet vs. outlet for storm event 6 
The nitrate at the inlet did not show a clear pattern and half of the values were 0.0 mg/L 
(Figure 4.86).  The highest concentration occurred at 15:35 with a concentration of 16 mg/L.  
This was the highest concentration recorded during this sampling event.  The average was 4.1 
mg/L.  Like the TP analysis, there were some problems with the Hanna Instrument for the nitrate 
concentrations at the inlet and these data also need to be viewed with caution when interpreting 
results.       
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Figure 4.86 Nitrate at inlet for storm event 6 
Nitrate at the outlet ranged from 0.0 mg/L to 7.5 mg/L with an average of 2.4 mg/L 
(Figure 4.87).  There was not a well-defined pattern and more than half of the samples read 0.0 
mg/L.  The average nitrate at the inlet was higher than at the outlet.  
 
Figure 4.87 Nitrate at outlet for storm event 6 
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E. coli 
E. coli at the inlet ranged from 0 to 17,900 colonies per 100 mL.  The geometric mean 
was 201 per 100 mL.  The outlet had higher values for E. coli than the inlet.  The concentrations 
ranged from 22,100 to 34,300 with a geometric mean of 28,143 per 100 mL (Figure 4.88).   
 
Figure 4.88 E. coli at inlet vs. outlet for storm event 6 
4.2.7  Contaminant Removal Efficiency  
From the inlet to the outlet, the values of each parameter should decrease if the 
stormwater management practice is working effectively.  The averages were calculated for all 
values collected for each storm event and results are shown in Table 4.8.  Table 4.8 shows that 
80% of the time, the E. coli increased from inlet to outlet instead of decreasing, while 100% of 
the time, average TSS was higher at the outlet than the inlet.  For TP and nitrate, about half the 
time, the inlet was higher and half the time, the outlet was higher.  Overall, the parameters 
measured were not being efficiently removed via the stormwater pond and sand filtration system 
from inlet to outlet.  Looking at these results, the stormwater is actually of poorer quality at the 
discharge point than the inlet.  However, the TSS values seemed to steadily decrease as far as the 
percent increase from inlet to outlet.  This could be from less erosion in the pond as vegetation 
was better established.   
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INLET TO OUTLET 
  E. coli  TSS (mg/L) TP (mg/L) Nitrate (mg/L) 
Event Inlet Outlet % change Inlet Outlet % change Inlet Outlet % change Inlet Outlet % change 
2 300 16 -94.7 26.2 406.5 1451.5 0.9 1.1 22.2 5.3 8.9 67.0 
3 3080 1898 -38.4 38.3 275.2 618.5 0.6 0.9 50.0 9.4 8.3 -11.5 
4 0 2339 46779900 18.0 114.7 537.2 3.8 0.8 -78.9 8.4 3.1 -63.2 
5 1324 3106 134.6 58.0 257.3 343.6 0.9 0.6 -33.3 3.4 9.2 173.0 
6 201 28143 13901.5 78.9 94.8 20.1 1.1 2.5 138.1 4.1 2.4 -42.2 
Table 4.8: Inlet to outlet changes 
(red indicating an increase and green indicating a decrease from inlet to outlet) 
 
From the inlet to the pond geometric mean E. coli increased during one event but 
decreased for 2 events.  The average TSS increased 100% of the time from the inlet to the pond.  
This could be where the excess sediment is coming from which is not effectively being removed 
at the outlet.  The TP decreased from the inlet to pond 100% of the time.  Nitrate decreased 
during 2 events but increased during 1 event (Table 4.9).   
INLET TO POND 
  E. coli TSS (mg/L) TP (mg/L) Nitrate (mg/L) 
Date Inlet Pond % change Inlet Pond % change Inlet Pond % change Inlet Pond % change 
16-Jun 300 346 15.3 26.2 159 506.9 0.9 0.3 -66.7 5.3 5.1 -3.8 
24-Jun 3080 2534 -17.7 38.3 511.5 1235.5 0.6 0.5 -16.7 9.4 14.3 51.8 
24-Jul 1324 721 -45.5 58 369.7 537.4 0.9 0.2 -77.8 3.4 2.4 -27.6 
             
Table 4.9 Inlet to pond changes 
(red indicating an increase and green indicating a decrease from inlet to pond) 
 
From the pond to the outlet the E. coli increased during 2 of 3 events, but the cause of 
this trend is unknown.  The TSS decreased during 2 of 3 events.  When looking at the results 
from inlet to outlet for TSS, it seems there is an additional source of sediment.  It is likely that 
sediment from erosion within the pond was causing this increase.  According to the average data 
from the pond to the outlet however, it shows the sand filter may be reducing the volume of 
sediment from the pond to the outlet.  Yet, when simply comparing the inlet and outlet results it 
appears the sand filter is not working.  The TP increased from the pond to the outlet 100% of the 
time and the nitrate increased during 2 of 3 events (Table 4.10).    
154 
 
POND TO OUTLET 
  E. coli TSS (mg/L) TP (mg/L) Nitrate (mg/L) 
Date Pond Outlet 
% 
change Pond Outlet 
% 
change Pond Outlet 
% 
change Pond Outlet % change 
16-Jun 346 16 -95.4 159 406.5 155.7 0.3 1.1 266.7 5.1 8.9 73.5 
24-Jun 2534 1898 -25.1 511.5 275.2 -46.2 0.5 0.9 80.0 14.3 8.3 -41.7 
24-Jul 721 3106 330.8 369.7 257.3 -30.4 0.2 0.6 200.0 2.4 9.2 277.2 
Table 4.10 Pond to outlet changes 
(red indicating an increase and green indicating a decrease from pond to outlet) 
 
Contaminant values varied throughout storm events and using t-tests it was determined 
that from the inlet to the pond the only occurrence of a parameter being significantly different at 
0.05 was the TSS for storm event 3.  All other parameters were not significantly different from 
the inlet to the pond (Figure 4.89).  However, it must also be noted that the sample size is small 
and there was much variability in the concentrations.  No data is given for storm events 1, 4, and 
6 because the pond was not sampled during those events.  
 
Inlet to Pond 
Event TSS E. coli Nitrate Phosphorus 
1 
    2 
    3 
    4 
    5 
    6 
    
 
Not Significantly Different 
 
No Data 
 
Significantly Different at 0.05 
 
Figure 4.89 Inlet to pond significant differences 
 Using t-tests to compare inlet to outlet results for each storm event, nitrate and 
phosphorus were not significantly different during any storm event.  E. coli was significantly 
different (α=0.05) from the inlet to the outlet during storm event 4.  TSS was significantly 
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different (α=0.05) from inlet to outlet during storm events 3, 4, and 5 (Figure 4.90).  Data is not 
available for storm event 1 because the outlet was not sampled.     
Inlet to Outlet 
Event TSS E. coli Nitrate Phosphorus 
1         
2         
3         
4         
5         
6         
       Not Significantly Different 
   No Data 
    Significantly Different at 0.05 
 Figure 4.90 Inlet to outlet significant differences 
4.3       QA/QC Results 
All data collection methods, times, and problems were documented in field books on site.  
Sampling equipment and bottles were cleaned with hot water in the lab prior to use in the field.  
In the field, sampling equipment was rinsed two times with sample water prior to the sample 
being collected.  The sample to be analyzed was collected on the third rinse.  After sample 
collection, bottles were labeled on site then placed on ice until samples were taken to be analyzed 
in the lab.  All samples were analyzed within 24 hours.  To assure labels were still legible after 
sitting in ice, clear packing tape was placed over the label prior to putting the sample on ice.    
Duplicate Samples 
Duplicate samples are separate field samples obtained from one location.  The samples 
are collected in separate containers and treated as separate samples throughout the sample 
handling and analytical processes.  These samples are used to assess total error or precision 
associated with sample heterogeneity, sample methodology, and analytical procedures.  Field 
duplicates are important when determining precision for samples that have a maximum discharge 
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concentration limit.  Sample and duplicate concentrations analyzed can be found in Table 4.11.  
Samples for E. coli varied but typically had a low standard deviation.  Total phosphorus and 
nitrate concentrations varied considerably.  TSS varied but had a low standard deviation 
compared to concentrations. 
 
E. coli (per 100 mL)  
 
TP (mg/L) 
Concentration Duplicate Average SD 
 
Concentration Duplicate Average SD 
2900 2800 2850 50 
 
4.6 0.2 2.4 2.2 
600 600 600 0 
 
0.3 2.7 1.5 1.2 
2400 2300 2350 50 
 
0 0.8 0.4 0.4 
6200 2900 4550 1650 
     300 0 150 150 
 
Nitrate (mg/L) 
     
Concentration Duplicate Average SD 
TSS (mg/L) 
 
3.1 4.9 4 0.9 
Concentration Duplicate Average SD 
 
8.4 5.8 7.1 1.4 
229 258 243 15 
 
4.9 2.7 3.8 1.1 
160 340 250 90 
     97 134 115 19 
     56 43 50 7 
      
Table 4.11 Duplicate results 
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5. Conclusions 
The dry weather flow in this storm sewer system comes mostly from groundwater.  
Additional flow may come from road work or construction or any activity that uses water that 
goes into the sewer.    
It appears there is a lag time between the peak rainfall and peak flow.  This is normal, as 
the rain begins, some will percolate into the ground while the rest will take some time to become 
runoff.  It then takes additional time for the runoff to get into the sewer system and make it to the 
BMP.  Flow was measured at the outlet from the stormwater pond at 5 minute intervals, but the 
rainfall data were recorded with one hour intervals.  Shorter time step rainfall data also should be 
collected.  It may be interesting to determine how quickly the stormwater makes it from the inlet 
to the outlet and compare qualitative data based on this knowledge.  This could be assessed by 
modeling.  A model using PCSWMM is currently (2011) being developed for this system.   
From 2007 to 2010, Buffalo State decreased its impervious surfaces in the study area by 
0.1 acres and used SMPs including a stormwater pond and sand filtration system to try and 
improve runoff quality to Scajaquada Creek.  According to Randolph (2004), SMPs aim to 
reduce runoff, increase infiltration and maintain predevelopment runoff volume and quality.  
Unfortunately, according to measured flow results at the outlet, the runoff actually increased 
from 2007 to 2010 after the SMPs were put in place, the flow rate was higher and quality was 
typically poorer.  This flow rate is likely higher from the additional drainage lines added to this 
area.  Additionally, storage and infiltration may have actually decreased with the construction of 
the student quad because of storage depressions in the older concrete (cracks).       
Some positive outcomes were found for the campus.  Unexpectedly, O&G was not 
detectable during any sampling events at any sample site.  It was expected that when a first flush 
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was captured O&G would be detectable at the inlet pipe from the street.  Zinc and lead 
concentrations from the 07/24/10 event suggest that the filter is working for these parameters.  In 
addition, the concentrations for both were relatively low and would not indicate a problem for 
discharge into the Scajaquada Creek.    
Scajaquada Creek is an impaired class C waterbody that has had problems over several 
years for pathogens, floatables, and phosphorus (USEPA 2010).  New York state is currently 
developing standards for stormwater quality discharged into receiving waterbodies.  There are 
currently no published standards.  E. coli has standards for bathing waterbodies of 200 colonies 
per 100 mL.  Samples were frequently higher than 200 per 100 m/L however, Scajaquada Creek 
is not a bathing waterbody.  Idaho's secondary contact standard is 298 colonies per 100 mL.   
TP and nitrate concentrations tended to be variable and not significantly different at 0.05 
from the inlet to the pond or inlet to the outlet.  Because of instrumentation problems throughout 
the study with the Hanna Instrument, data for TP and nitrate needs to be viewed with caution.  
Sample concentrations were frequently close to 0.0 mg/L and sometimes had variability when 
the same sample was run more than one time.  Therefore, no definitive conclusions can be made 
about these parameters for this study.   
At the beginning of sampling, construction was still being conducted in the student quad 
as well as in the pond area itself.  It can clearly be seen that the water coming from the inlet was 
less turbid than water retained in the pond (Figure 5.1).  This was likely because of the erosion 
on the banks of the pond with little stabilized vegetation (Figure 5.2).  
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Figure 5.1 Inlet                  Figure 5.2 Erosion on banks of pond 
It is likely that this erosion caused higher sediment concentrations than expected in the pond.  
The excessive sediment may have been too much for the sand filter to treat, resulting in the high 
sediment concentrations at the outlet.  Figure 5.3 shows how turbid the water was at the outlet 
(after the pond and sand filtration).   
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Figure 5.3 Sampled water at outlet 
The data shows that the average TSS at the outlet decreased over time throughout the 
study.  This could be because vegetation was better established after construction and less 
erosion was occurring causing less sediment to enter the pond from bank erosion.  During 
construction uncontrolled erosion can cause temporary increases in sediment input, but, as 
construction is completed and basin lands are stabilized, long-term sediment supplies in urban 
stream channels tend to decrease as sediment sources are eliminated by building, paving, and 
landscaping (Colosimo and Wilcock 2002).  Vollertsen et al. 2009 looked at the efficiency of a 
wet detention pond and found that the turbidity of the pond water increased during storm events 
and slowly decreased during the following dry weather periods.  It was unclear whether the 
increases in turbidity during the storm events were caused by the incoming stormwater, by 
resuspension of bottom sediments or by a combination of both (Vollertsen et al. 2009).  This 
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finding would be similar to the problem of erosion, it is difficult to determine how efficient the 
BMP is if an internal sediment load exists.  Simply looking at the inlet and outlet concentrations 
may leave out detail of sediment coming from within the system and give an inaccurate view of 
the treatment efficiency.  
Further improvements can be made to alleviate some concerns about the efficiency of the 
pond.  The inlet pipe from the student quad and the pipe that drains from the pond to the 
filtration system should be at a higher elevation (Figure 5.4).  The inlet pipe quickly becomes 
submerged during a storm event which could cause backflow from the pond.  If the pipe that 
drains pond water into the sand filter was higher, it would allow more time for sedimentation to 
occur within the pond, which would put less sediment into the sand filter.  This could improve 
efficiency and reduce maintenance costs to clean out the filter system because it would not 
become “clogged” as quickly.  Even if this pipe were to remain at its current elevation, it would 
be interesting to sample at another location where this stormwater originates from to compare the 
quality to the other sample locations.    
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Figure 5.4 Submerged inlet pipe from student quad 
Some improvements have been made to the pond since the last sampling event 
(09/03/10).  Sod has been laid and the area is no longer overgrown with vegetation or covered in 
mud (Figure 5.5).  The sampling that was performed for this study occurred during the 
“construction phase” of development.  For this reason, some results such as TSS may be higher 
than post-development because of the construction of the pond itself as well as construction in 
the student quad area.  Further sampling should be done to analyze performance of the pond after 
construction when it should be at its full potential.  It would be interesting to compare results 
during construction and post construction as well as to determine if the pond works as efficiently 
as the design criteria state it should.  A Buffalo State graduate student will be conducting a 
similar study at this site in the summer and fall of 2011 and 2012.           
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Figure 5.5 Stormwater pond after sodding (10/14/10) 
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Appendix A: Dry Weather Graphs for 2007 
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Figure A1: Dry Weather Flow 10/30/07 
 
Figure A2: Dry Weather Flow 11/2/07 – 11/4/07 
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Appendix B: Dry Weather Graphs for 2010 
 
 
 
 
 
 
 
 
 
175 
 
 
Figure B1: Dry Weather Flow 06/15/10 
 
 
Figure B2: Dry Weather Flow 06/19/10 – 06/21/10 
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Appendix C: Storm Event Graphs for 2010 
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Figure C1: Flow During Storm Event 06/01/10 
 
 
 
Figure C2: Flow During Storm Event 06/02/10 
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Figure C3: Flow During Storm Event 06/03/10 
 
 
 
Figure C4: Flow During Storm Event 06/04/10 
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Figure C5: Flow During Storm Event 06/06/10 
 
 
 
Figure C6: Flow During Storm Event 06/09/10 
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Figure C7: Flow During Storm Event 06/10/10 
 
 
 
Figure C8: Flow During Storm Event 06/12/10 
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Figure C9: Flow During Storm Event 06/13/10 
 
 
 
Figure C10: Flow During Storm Event 06/14/10 
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Figure C11: Flow During Storm Event 06/16/10 
 
 
 
Figure C12: Flow During Storm Event 06/22/10 
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Figure C13: Flow During Storm Event 06/24/10 
 
 
 
Figure C14: Flow During Storm Event 06/27/10 
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Figure C15: Flow During Storm Event 06/28/10 
 
 
 
Figure C16: Flow During Storm Event 07/09/10 
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Figure C17: Flow During Storm Event 07/19/10 
 
 
 
Figure C18: Flow During Storm Event 07/21/10 
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Figure C19: Flow During Storm Event 07/23/10 
 
 
 
Figure C20: Flow During Storm Event 07/24/10 
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Figure C21: Flow During Storm Event 07/28/10 
 
 
 
Figure C22: Flow During Storm Event 08/05/10 
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Figure C23: Flow During Storm Event 08/06/10 
 
 
 
Figure C24: Flow During Storm Event 08/08/10 
0
0.2
0.4
0.6
0.8
1
1.2
F
lo
w
 (
cf
s)
Timestep (5 minutes)
Flow During Storm Event
08/06/10
0
0.05
0.1
0.15
0.2
0.25
F
lo
w
 (
cf
s)
Timestep (5 minutes)
Flow During Storm Event
08/08/10 
189 
 
 
Figure C25: Flow During Storm Event 08/09/10 
 
 
 
Figure C26: Flow During Storm Event 08/10/10 
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Figure C27: Flow During Storm Event 08/16/10 
 
 
 
Figure C28: Flow During Storm Event 08/25/10 
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Figure C29: Flow During Storm Event 08/21/10 – 08/22/10 
 
 
 
Figure C30: Flow During Storm Event 09/03/10 
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Appendix D: Flow and Rainfall During Sampled Storm Events 2010 
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Figure D1: Flow and Rain During Storm Event 06/12/10 
 
 
Figure D2: Flow and Rain During Storm Event 06/16/10 
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Figure D3: Flow and Rain During Storm Event 06/24/10 
 
Figure D4: Flow and Rain During Storm Event 07/21/10 
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0
5
10
15
20
25
30
35
40
Flow and Rain During Storm Event
06/24/10
Flow (cfs)
Rain (in)
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0
2
4
6
8
10
12
14
16
F
lo
w
 (
cf
s)
Date and Time
Flow and Rain During Storm Event
07/21/10
Flow (cfs)
Rain (in)
195 
 
 
Figure D5: Flow and Rain During Storm Event 07/24/10 
 
Figure D6: Flow and Rain During Storm Event 09/03/10 
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